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Spectacle de la Mature, &c. 
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ple with a public Rejoicing, *tis a Pleaſure 
ſometimes to take a View of the SpeSators 
themſelves, who are not the ſmalleſt Ornament of the 
Pomp. Our Attention having been ſufficiently employed 
on the avefu] Scene of Nature, and the great Deſigns of 
him to whom we are indebted for fo noble a Proſpect ; let 
us now, Sir, fix our Eyes on Man, whom we ſee ſo ho- 
nourably invited to it, and who is the only Spectator ca- 
pable of diſcerning the Sumptuouſneſs of the Decorations, 
and the Beauty of the whole Diſpoſal. 

But, let us not extenuate the Favour we have received, 
by looking upon it only as a tranſitory Amuſement : Not 
to acknowledge here our real Prerogatives, would be ei- 
ther falſe Modeſty, or downright Ingratitude. Nature is 
not a glorious Spectacle only, or the Joy of a Day: It is 
a beautiful Domain, with which Man is inveſted for a Se- 
ties of Vears. He enjoys the Brightneſs of the Stars, and 
the Regularity of the Heavens: He is poſſeſſed of the 
Treaſures of the Earth and all its Productions. God ſeems 
to have given him even a higher Station, than that of 
being a bare Spectator of his Works, or even a mere Te- 
nant of them. He has abmitted them not only to his 
Uſe, but to his Govefnment. The Globe he inhabits is 

Vol. V. B covered 


HEN a great Monarch entertains his Court 
with ſome magnificent SpeQacle, or his Peo- 
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[2 ] 
covered with the Productions of his Induſtry and the Works 
of his Hands: The Improvement of the whole Earth is 
in Reality the Work of his Hands. | 

But, has he not Prerogatives ſtill ſuperior to all theſe ? 
Let us not flatter or corrupt him by preſumptuoſly be- 
ſtowing on him thoſe Attributes which he has no Title to. 
The Study of Man, and the Knowledge of his Privileges, 
2re indeed worthy of us, but let us then aſcertain them by 
the moſt authentic Records. 

If he is no Uſurper, if he diſpoſes of all Things, be- 
cauſe all have been ſubmitted to him, it is plain, that the 
Study of his Privileges is but the Knowledge of our own 
Duty here. Could we then conclude our Enquiries into 
Nature, by making Choice of a more noble, or more in- 
tereſting Subject? 8 

But on the other Hand, the Study of Man is of immenſe 
Extent. The bare Diſorders of his Heart fill whole Li- 
braries. We muſt neceſſarily therefore, where the Matter 
is ſo fruitful, preſcribe to ourſelves ſome Bounds. 

Whenever the moſt celebrated Writers have drawn us 
the Portrait of Man, they have wiſely turned all their 
Thoughts on his Manners, from a Perſuaſion that they 
muſt firſt“ reclaim him from Error, in Order to lead him 
to Wiſdom. They have painted him with all his Vices, 
and repreſented him ſuch as he is become by the Unruli- 
neſs of bis Defires. In this they have done him the moſt 
important Service. It is neceſſary to ſhew him his Faults, 
that he may bluſh at the Sight of them, and to make him 
ſenſible of the Depth of his Miſery, that he may deſire to 
extricate himſelf out of it. But ho Succeſs with which 
thoſe ſkilful Painters have diſcovered or expoſed his Weak- 
neſs, and ſet before him the Diſguiſes of his Selt-love, 
will diſpenſe with our _—_ up this Subject after them. 
It has been frequently enough placed in the ſtrongeſt Light 
by the Heathens themſelves, Who have treated copiouſly 
on the Miſery and Depravity af Man. 

It will be of farther Service to him, to make him ſen- 
ſible of his true Greatneſs. He may, without flattering 
his Pride, be appriſed of his lawful Advantages : And far 
from running any Danger, by unfolding to him the Titles 

® Sapientia prima eft 
Stultitia caruiſſe. Hera: 
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of his Nobility, he will thence learn, without Precept or 
formal Leſſons, the Knowledge of his Obligations, or at 
leaſt the wholeſome Advice of getting an Infight into 
them. 

Such is the Light in which we are now going to conſi- 
der Man. We ſhall, deſignedly, forbear ſ:arching into 
and cenſuring afreſh his Imperfections. By ſeparating the 
Work of Sin from the Work of the Creator, we ſhall ſur- 
vey Man as he came from the Hands of God : Or if we 
do not undertake to ſet him forth with that Brightneſs 
and Beauty he enjoyed in the Days of his Innòcence; we 
hope at leaſt, that, at the ſame time we turn our Eyes from 
his Defe&s, we ſhall bring him to draw a Compariſon 
himſelf between his preſent Deformity and the precious 
Remains he ſtill retains of his firſt Original, and to inform 
Wimfelf of the Means God has prepared for him of procuring 


his own Reſtoration. The Touches and Strokes imprint-. 


ed on him by Divine Wiſdom may indeed be altered, but 
not effaced; and it is his Happineſs to be ſenſible of them. 
Man cannot be ignorant that he enjoys the Productions 
ef Nature, and that he is capable of giving Glory to the 
Author of them. He is actually placed between God and 
his Creatures. Every thing upon Earth pays Obedience to 
Man; but Man to God. By appointing him Maſter and 
Governor of all, God has a Claim to his Adorati en and 
Gratitude. To this twofold Quality therefore of Governor 
and Adorer, I ſhall refer whatever can be ſaid of Man; 
and purſue ſome Method which may help to fix our Ideas. 
Let us begin, by examining what Man The SubjeS- 
13 in himſelf, for what he is viſibly ap- matter of rhe 
pointed, in what his Excellency conſiſts, ,  _ 
and what he is capable of. ” 1 
From this entertaining Purſuit, we will 4. Sabiecz- 
follow him through his ſeveral Relations, marre- of che 1, 
and Dependencies on his Fellow creatures, «nd P11, Pals, 
that ſo we may ſee him concur with them 
in improving the whole Extent of his Poſ- Man affociated 
ſeſſions. Man thus conſidered, either in with bis Fel- 
himſelf or in Society, will equally afford low-creatures, 
us Proofs of the Government for which mg 
God has deſigned him, This 1 was his YER 
2 ut, 
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The Srbjet- But, if he is appointed for ſomething 
matterofth VIII. ſtill greater, why ſhould we make this the 
and laſt Vol. Bounds of his Glory? We ſhall ſee him 

Man aſſoci- enter into a Correſpondence and Society 
ated with God, with God himſelf. 

This, my Dear Friend, opens a new Scene, and one 
far more intereſting than the 1 We are ourſelves 
concerned in it, as it takes in no leſs than all our Privi- 
leges and all our Hopes. But theſe Objects, ſo truly fit to 
affect a rational Mind, will have here the additional Ad- 
vantage of not afflicting us with the Uncertainty of Dif. 
putes. We ſhall throughout drop all controverted Opini- 
ons, and keep conſtantly to the never-failing Advantages 
reſulting from Experience. This Method of Procedure is 
above all things neceſſary in Matters of Religion. Reve- 
lation is the Work of the perfect Free will of God, who 
might have ſaved us by means quite different from thoſe. 
he has made Choice of. It is a Series of Facts, which 
Reaſon cannot find out of itſelf, and which it can never 
learn without the Aſſiſtance of external Teſtimony. 

Although Faith be the Work of Grace in us, yet that 
Grace determines us to believe very rationally, and in 
Conformity to the Nature of Man, from ſenſible Motives, 
by Teſtimonies ever ſubſiſting, by an immortal Embaſly, 


which has been kept up with us for theſe ſeventeen Cen- 


ruries, and which carrics with it the obvious Proofs of a 
divine Legation. God is the Author and the Finiſher of 
our Faith. But, whenever, for our own Comfort, or tor 
the Confirmation of ſtaggering Minds, we ſhall conſider 
how far the Teſtimonies of Truth are credible, or how 
much the Unbeliever, who rejects them, is inexcuſable; 
we ſhall find that it 1s not properly in Reaſon, but among 
Men that the Monuments, the Teſtimonies, the uninter- 
rupted Legation, ard the convincing Proofs of the Work 
of our Salvation are to be met with. If then I am ab'e, 
as I hope I ſhall be, to convince you of the reality of the 
Records and Witneſſes by ſetting them before you, what 
will become of the Arguments of Incredulity ? They 
are no more fit to be read or liſtened to than idle 
Dreams. When we are ſhew'd by ſtanding Monuments, 
and deciſive Atteſtations, that God has done a Thing, 
what does it ſignify to us, that there are Men who ſay 
he ought not to have done it? THE 
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The LAST PART; 


Containing what regards MAN. 
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BOOK the FIRST. 
Man conſidered in bimſelf. 


DIALOGUE I. 
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The Deſtination of Man on the Earth. 
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HE Hillerian of the Works of God i not com- 
tented with inſtructing us preciſely how each par- 


| ticular Being was created, not by Motion, which 
can organiſe nothing; but, by the expreis Will and Com- 
mand of the Almighty, which alone can give every indi- 
vidual Being its particular Structure, and convey Harmo- 
ny thro' the whole: He teaches. us farther the Uſe we 
are to make of Nature: He diſpoſes us to direct our Stu- 
dies and Actions agreeably to the Intentions of Providence, 
by ſhewing us the univerſal Defign God had in View 
in the Economy of our Abode, 1 mean the Globe we 
now inhabit. The whole Purport of his Recital is to in- 
form us of the twofold Deſign of God towards Man, 
which is to exerciſe him by Labour, and to perfect him by 
Religion. 
After the celeſtial Orbs, and this our Earth were cre- 
ated; after the Light was made, and the Waters of the 
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9 DIALOGUE I. 

Ocean ſeparated from thoſe which, by being volatilized, 
were carried far round the Globe; after the Creation of 
the Plants and Animals of all Kinds; the World appeared 
ſo magnificently adorned, that it might have been thought 
complete. But this Abode was ſtil] imperfect, becauſe 
the Inhabitant, who was to take Poſſeſſion of it, was not 
as yet introduced. | 

The whole ſtock of Riches incloſed in the Globe, re- 
mained in its Boſom altogether unknown and uſeleſs. It 
was the ſame with an infinite Number of excellent Pro- 
ductions, which the Animals either could not obtain, or 
expreſſed the utmoſt Indifference for. Not only all theſe 
Preparations were ſuperfluous for want of an Inhabitant 
that knew or was willing to make uſe of them, but all 
Nature was beſides deſtitute of Sentiment and Gratitude. 
The Animals, which ſeem'd now to be the only Beings 
capable of ſome kind of Diſcernment, diſtinguiſh'd their 
reſpective Foods, without knowing the Hand that diſ- 
penſed them; and the Author of ſo many Bounties was 
ſtill neither praiſed nor thank' d. The World was in a 
State of Imperfection, becauſe there was no Government 
by which the ſeveral Parts of it might be wrought, nor 
any Religicn to give Glory to its Creator. 

Let us make Man in our Image, after our Likeneſs, ſaid 
then the Lord, and let Man have Dominion over the Fiſh of 
the Sea, and over the Fowl of the Air, and over the Cattle, 
and over all the Earth, and over every creeping Thing that 
creepeth uton the Earth*. The Earth, at laſt, has got a 
Maſter, and he is the Image of the ſupreme Being ; as he 
is his Lieutenant there. 

This Truth, the Extent and Conſequences of which we 
ſtall now endeavour to explain, has been preſerved among 


the Heathens themſelves, The Author of the M-tamor- 


I haſes, having brought the Creation of the World as far as 
that of the Plants and Animals, acknowledges that Nature 
ſtands in need of an Inhabitant capable of the nobleſt 
Sentiments, and of a more profound Underſtanding, and 
that a Maſter is ſtill wanting there +. 


Gen. i. 26. 
+ Sanctius his animal, mentiſque capacius altæ 
Deerat adhuc, & quod dominari in cætera pollet + 
Natus hot o eſt, Ovid. Metam. I. 


Furſuant 


Man confidered in himſelf. 7 

Purſuant to the Charter which Scripture has preſerved, 
Man now proves from Experience to be in Poſſeſſion of all. 
The Heavens are in reality ſubſervient to us, and the 
whole Earth is applied toour Uſe. If Philoſophy 1s pleaſed 
to conteſt theſe our Prerogatives, we'll let her plead alone. * 

God was not only willing to make Man the Poſſeſſor 
and Governor of what is upon the Earth, but his chief 
Deſign was alſo to make him an Adorer, and a Being ca- 
pable of knowing and honouring his Benefactor. All is 
thine, ſaid he to Adam. * Behold all the Trees of the Gar- 
den I have placed thee in: Of every one of them thou mayeſt 
freely eat; only thou ſhalt forbear eating the Fruit of ſuch a 
Tree. 

This Reſerve, which Unbelievers have made ſo»-many:- 
Complaints of, far from impoveriſhing Man, does, in Re- 
ality, conſtitute his chief Glory. Doubtleſs it is a great 
Honour to him to ſee himſelf appointed Maſter over every 
Thing that is Lifeleſs, and over every breathing Creature. 
All the Animals have already appeared before him. He 
has juſt examined in particular their Inclinations, Ways, 
and Induſtry. The new Inſpector has given them all a 
proper Name, which is the juſt Expreſſion of their peculiar 
Character or Operations; and whilſt he ſees all the living 
Species confined to ſome of the Productions of the Earth 
for their Food, or to one ſingle Kind of Work for their 
Exerciſe, he finds himſelf provided with an Underſtand- 
ing which judges of all, which applies every thing to his 
own Uſe, and as well as his Dominions embraces the Uni- 
verſality of the habitable Globe. Theſe Prerogatives are 
indeed very great and very flattering. But, here follows 
another that puts a ſtill greater Diſtance between Man, 
and the Animals. The Diſcernment of the latter inclines 
them to feed themſelves, and either to avoid Man with 
Fear, or ſerve him with Affection. If their Fear may 
ſometimes be turned into Fury againſt him; it is becauſe 
they are Slaves ſenſiblè of their own Strength, and tranſ- 
ported with Paſſion: But the Prudence of their Maſter will 
ſoon know how to curb or prevent theſe Flights. How- 
ever, all their Proceedings are confined to the preſent. 


The Body is the ſole Object of whatever they do, None 


Gen. ii. 16, 17. 
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of them know their Origin, or Benefactor. No Teflimo- 
ny of Gratitude : Not the leaſt Shadow of Religion. Man 
alone was raiſed fo far as to know to whom he is indebted 
tor every thing; he alone was taught to expreſs his Gra- 
titude for it. Sure, we ſhall not make his Glory to con- 
üſt in a beſtial Ungodlineſs, and an irreligious Stupidity. 
We indeed acknowledge his peculiar Advantage of being 
appointed the Tenant of this Earth: But it is an infinitely 
greater and more honourable Prerogative in him, to be 
able to pleaſe his Benefactor, and adore the Hand which 
loads him with Bleſſings. With regard to him whom God 
has appointed his Lieutenant on Earth, there is no Medium 
between revolting through Self-emancipation, and acknow- 
ledging his Sovereign through Duty and Homage. 

' "The ſupreme Being ſtood in no need either of the Fruit 
of a certain Tree, or the Sentiments of man. But 'twas 
fit the latter ſnould make an expreſs Profeſſion of his Gra- 
titude and Veneration. Therefore, that ſole Exception 
which God made, in his endowing Man with ſo extenſive 
a Power, was at once the Memorial of his Gratitude, and 
the public Expreſſion of his Piety. 

We may eren affirm, that if the Juſtice of this Reſerve 
is ſelf-evident, its indulgent Part is no leſs conſpicuous. 
It was far more advantageous to Man to be ſubjected to, 
thandiſcharged of this Acknowledgment of the Sovereign- 
ty of his Creator. Suchan Exemption would have brought 
him back to the Condition of the vileſt Animals, and ex- 
poſed him to the Riſk of becoming their Inferior through 
Pride, at Sight of his Riches and Prerogatives. But the 
Acknowledgment of his Subordination, that was fo very 
fit to put him in mind of, and make him keep to his Du- 
ty, could never be reſtrained to any Practice that was leſs 
confining, or to any more eaſy Duty of Religion. Re- 
ſpectfully turning aſide from the Tree forbidden to Man, 
was acknowledging, through the Privation of one indivi- 
dual T hing, that he enjoyed all Beings, though he had no 
Claim to any. It was publiſhing that he had a Mater, 
though he ceaſed not to be a Maſter himſelf. God made 
Immortality the Reward of fo eaſy and juft a Religion, 
But he at the ſame 'Time forewarned Man, that the Mi- 
nute of his firſt refuſing the Homage, would forfeit his 
greateſt Privileges, and give bim over as well as the reſt 
ot 


Man conſidered in himſelf.” 3 


of the Creation to the generality of the Motions through 
which the Almighty changes ad renews all Nature. 

If we aſk the Philoſophers what the Deſtination of the 
Earth and Man is; they will ſatisfy us with Doubts and 
Contradictions. But, let us but open the Book of Cneſis, 
and it will inform us, that whatever is on the Earth was 
placed there for the Uſe of Man, and that he is born the 
Poſſeſſor thereof, on the bare Cond:tion cf publiſhing by 
one ſingle Reſerve, that he is God's Tenant for the whole. 
Such is the ſublime Philoſophy contained in the firit Pages 
of Scripture: A Philoſophy which makes the original Seed 
of Religion to conſiſt in Gratitude. 

But, on the other Hand, if this public Acknowledg- 
ment of the ſupreme Authority, is the very firſt Worſhip 
that was primitively required of Man, the Idea of it muſt 
needs have made a ſtrong Impreiſion on his Mind. This 
Teſtimony of a Religion ought to have been tranſmitted 
from Adam down to the Nations that deſcended from him, 
and the Footſteps of it ought ſtill to be met with every 
where, £ 

The Objection is moſt judicious, Let us then leave the 
Hiſtory ot the People of God, in order to conſult on this 
Point the Ideas which all Nations have had of it. At all 
Times, and in all Places, Man, even when he miſtook 
the Object of his Adoration, acknowledged his Vaflalage 
and Dependence on the Divine Nature through ſome 
ſpontaneous Abſtinence, or the public Offering of ſome _ 
particular Fruits, or other Productions of the Earth that 
were put in Reſerve in a ceremonial and remarkable 
Manner. This Homage paid to the Sovereignty of a Be- 
ing who 1s the Owner of every thing, and daily ſupplies 
the Wants of his Creatures by a perpetual Renewal ot all, 
has every where been the ſame, and always expreſſed by 
a public Conſecration, though with ſome Variety in the. 
Manner of it. Sometimes it was made to conſiſt in re- 
ſpectfully abandoning the firſt Fruits of the Fields, or the 
frit Spoils of the new planted Trees. Sometimes it con- 
ited in conſuming by Fire either the whole cr Part of 
che fatteſt Beaſts of Herds and Flocks : Or in laying on a 
Table, publickly erected for that Purpoſe, Bread, Wine, 
Oil, Salt, or other Elements of Life, in order to leave the 
Ule of them to the Poor, or the Minifters of Religion. 
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And although the hq Prayer was generally followed 


by a common Repaſt in Sign of fraternal Love; there wz: 
always a diſtinct Portion of their Foods which the whole 
Congregation forbore touching. By this ſpeaking Action, 
they all acknowledged and thanked the Author of Life, 
for all Foods, Bleflings and Favours. In ſhort, the Ex- 
preſſion of the Religion of all Ages, has from the Begin- 
ning been, as it ſtill continues to be, a Profeſſion of Gra- 
titude*. This public Homage uſed by Men of the firlt 
Ages, which all upright Hearts have found ſo noble and 
reaionable, which in ſhort was from its very firſt Original 
tranſmited to all Nations, even the moſt miſtaken in heir 
Menners and religious Practices, is exactly what the Lord 
required of the firſt Man. Thus the Heathens as well as 


the Hebrews, do by this firſt Ground of univerſal Ideas, 


equally point out to us the common Source from which 
they ſprung, and jointly teſtify the Truth of that primitive 
Woerſnip which is the Baſis of Revelation. 


* Euyxapicia, Euchariſt, Thankſgiving. Ours is much mere than 


the Acknowledgment of being intitled to nothing; as it is an Action 
that gives it to unde rſtand that we have Life only thtough him who was 
Made a Victim for us. 
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MAN conſider d as Governor. 


DV1ALOGUE 


_ HOU'D we begin by converſing on the Work of our 
Salvation, and the Hopes which Man is called to; the 
Whole of what he poſſeſſes on the Earth might afterwards 
appear to us ſo very inferior to what went before, that the 
Study of it would on that Account become dull and inſi- 
pid. Let us thenreſerve for the Matter of our laſt Works 
the Honour God has done to Man of accepting of his Ado- 
ration and Gratitude, Let us begin by the leaſt of his 
Titles, even that of Governor and Maſter. 5 

It is the Property of Scripture to repreſent the moſt ſu- 
blime and moſt fruitful Truths with Simplicity, and alto- 
gether without Art; becauſe it belongs to none but the 
Author of our Bleſſings himſelf to mention them cooly, 
and without Admiration. The firſt Inſtruction it gives us. 
concerning the Superiority that was granted to Man, proves 
to be in that very Order in which God made his Works. 

He firſt fixes an Habitation. He then prepares all the 
Luminaries the Inhabitant ſhall ſtand in need of. He 
diſtributes through the whole ſeveral Kinds of Beauties and 
Conveniences, and aſſigns to a great Number of Servants: 
their reſpective Places and Functions; and ends at laſt by. 
introducing Man into it. This Order of Operations hay 
nothing equivocal in it: And the Reſt of the Lord, that 
1s, the total Ceſſation of any other Work after an intelli- 
gent Being has been placed on.the Earth, ſufficiently ſhews 
us that it was for him that the Inheritance and Poſſeſſion 
of all Things had been reſerved. | 

But the Scripture has not abandoned this important 
Truth to the Uncertainty _ our Arguments, It will net 


permit 
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permit that Man ſhould lay a timorous Hand on the Riches 
with which his. Abode is filled; but rather that he ſhould 
uſe them with the Security of a Maſter who knows his 
own Lordſhip and Privileges. Itclearly informs us of the 
Intentions of the Creator, in teaching us that God has 
made Man in his own Image, becauſe he had deſtined 
him to command, govern, and order every Thing upon 
the Earth. 
The Heap of Definitions, Reſearches and Diſſertations, 
which the Philoſophers have collected together concerning 
Man, do not by much come up to the profound Meaning 
of theſe few Words: God created Man in his own Image. It 
is rathera Word than a Diſcourſe, made uſeof to make us 
conceive what it is our utmoſt Concern not to be ignorant 
of. * is but a Word: but all is included in that ſingle 
Word. | 


The Manner in which 


God executed his Deſigns in this 


the very laſt of his Works, is a finiſhing Stroke which 
compleatly ſets off the Excellence, and points out the pri- 


mitive Deſtination of it. 


God did not create Man out of 


Nothing with a ſingle Word, as he had done the reſt of 


the Animals. 


Organs of his Body, 


He uſed a Maſs of Earth to conſtruct the 
He made of it a fine Statue, which 


be for a while left without Life and Underſtanding, and 
perfectly uſeleſs. Sure, this could not be the Image of 
God, it could never be the Governor appointed to rule 
over the Earth. 

The Ram that bounds on the Graſs, and the Stag that 
ſhoots over the Plain, are as yet more valuable than this 
motionleſs Lump. Nay, it might even as well as they be 
cadowed with Reſpiration and Lite, and be ſtill inferior 
to them. They will almoſt all of them overtake it in 
running. Naked and deſtitute as it is of defenſive Wea- 
pons ; how will it avoid the Claws of the Eagle, the Jaws 


of the Lion, and the Trunk of the Elephant ? 


Every thing changes the inſtant God animates this Sta- 
tue, and endows it with the Gift of Reaſon. 
ſerve in all the Animals is a Principle of Induſtry added 
to the Body, but ſolely confined to the peculiar Wants of 
it, and extending no further than the uniform Exerciſe of 
a few Organs, without any Hopes of Change or Perfecti- 


On. 


W hat I ob- 


It is net thus with Man. He has juſt received Rea- 


{on ; 
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ſon; and this alone provides him with every thing: It 
makes him acknowledge no other Superiority but that of 
the Creator, and by Means of it he exerts a real Suprema- 
ey over the Earth, both within and without, which in- 
vites him alone to examine and make Trial of the Whole. 
Take him out of it, and the reſt are ſo much Riches 
thrown away. | 
When one ſays of a King, that all from one End to the 
other of his Dominions is ſubmitted to his Government, 
the Meaning is not that the People are dependent on him 
for the taking of their Food, nor the Foreſts for their 
Growth, nor the Beaſts for the Multiplication of their 
Species. Saying that all is ſubjected to him, means that 
he may make Uſe of and convey Order through all. 
Thus it is that Man is the King of Nature. It is his Hap- 
pineſs that the Fiſh ſhould find their Food along the Sea- 
coaſts, and all other Animals find theirs in the Fields, 
without his giving himſelf any Trouble, or uſing the leaſt 
Precaution about it. Were he not diſcharged of theſe 
Cares, he would be overwhelmed with them. All Ani- 
mals have been provided with Senſes and Skill to conduct 
themſelves. Regular and invariable Generations daily 
multiply the ſeveral Productions of the Earth. Man, 
without any Care or Trouble on his Side, finds theſe Riches 
continually renew'd for him. But he regulates the Uſe 
of, and has the Choice of either working them, or lay- 
ing them by in Store. He purſues noxious Animals into 
their cloſeſt Retreats, and either exterminates or keeps 
them within Bounds, He diminiſhes the Number of thoſe 
that might become hurtful: He increaſes and feeds whole 
Flocks of thoſe he has need of: He tries all Things, and 
varies the Utility of them by giving them a new Form : 
Nothing, in ſhort, eſcapes his Government. p 
Who has let go yonder Goats, which we fee climbing 
the Hills, ſearching all Day long a few Blades of Graſs, 
and then returning to him at Night, at the Signal he gives 
them ? Was it not he that choſe the Dog for his Lieute- 
nant among the Sheep diſperſed over the Plain? It is the 
Voice of Man that directs the March of Herds. He is heard 
commanding every where. The Roads, the Banks of Ri- 
vers, the Sea-ports and Towns reſound with the Noiſe of 
the Beaſts of Burden, that work under and for him. All, 
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from the Top of the Mountains down to the very Bowels 
of the Earth, is full of rich Materials that wait but for 
his Commands, and will remain for ever in a State of In- 
ertion, unleſs they are actuated by his Hand. All Sorts 
of Birds and four-footed Animals flock and croud round 
him, like ſo many Bands of Slaves always ready to im- 
prove his Eſtates, or lend their ſubmiſſive Shoulders to re- 
ceive his Charge and Loads. If it happens now and 
then, that a ſuperior Force gets the better of his Defires 
and Cautions ; if, for an Inſtance, an Army of Flies is ſome- 
times ſtronger than him, it is becauſe he has a Maſter, 
and it is proper he ſhould be reminded of it. 

Man is then born to govern. He that bears a Scepter, 
and he that wields the Shepherd's Crook, are :like real 
Governors. Take but the Man that eſteems himſelf the 
meaneſt of all: him who has made a Sacrifice of his Li- 
berty, and who from a Fear of being left to his own Con- 
duct, has gwen himſelf over to that of others: Shall we 
fay notwithſtanding, that he has renounced his Quality of 
Governor? Nay, had he but the Direction of a Door, the 
Care of a Kitchen, or that of the Lianen and Provifions of 
a Family; he ſtill exerts his Foreſight Patience, and Dex- 
terity : he governs, he is uſeful and valuable, he is a Man. 
But he degenerates the Inſtant be ceaſes to be a Governor. 
Reaſon and Virtue become fruitleſs in him. He then finks 
again into the firſt Condition of Man; and from that Mo- 
ment is no more than a Lump of Clay, or, at beſt, a fine- 
Statue, a vain inſignificant Idol. 

Theſe Ideas, which are ſo much to the Honour of Man, 


very naturally flow, on the one Hand, from the two Words 


by which Scripture informs us of our Pre-eminence and our 
Reſemblance to the ſupreme Maſter of all Things; and 
on the other they viſibly agree with Experience, which 
ſubmits the Fiſhes and Birds, the terreſtrial Animals and 
the generality of the Productions of Nature without Excep- 
tion to Man alone, But it does not ſuffice to lay hold on 
theſe Truths in a general Survey. It is by deſcending 
with Attention into the Particulars of the ſeveral Exerciſes. 
of Man's Dominion, that we are to learn our own Rights, 
and the Manner of improving them to the beſt Advantage. 

Here I find myſelf ſtopt by a Philoſophical Scruple. If 


Man is a Mediator placed between God and Matter; if 
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he is obliged to give God that Glory which ſtupid Beings 
are unable to pay him; if he reſembles God by his intel- 
lectual Faculty and Lordihip, at the ſame Lime that he 
reſembles inferior Creatures by his Body; does not Order 
require that we ſhould mowing, treat of the ſpiritual and 
corporeal Natures in General, that fo, by the unfolding 
of theſe two Subjects, we may underſtand the better what 
Man is who reunites them both. 

- *Tis true that the Philoſophers proceed very orderly in 
the Titles of the Matters they buſy themſelves with. One 
Book ſhall treat of the thinking Subſtance : Another will 
tell us what the Eſſence of Bodies in general is; a third 
will reveal what it is that conſtitutes the Aſſociation of 
Thought and Matter. Alas! how eaſy it is to range and 
order Promiſes ! but pray, where is the Execution of theſe 
pompous Advances ? What new Light or Benefit have we 
reaped from them? Extenſi n, about which Deſcartes has 
made ſuch a Rout, confounds the penetrable Extenſion 
with the ſolid one. And yet vrhat a vaſt. Diitance there 
is between one and the other! Moſt likely the ſame which 
is between a Body, and meer roaght. Malbranche was 
tranſported with the raviſhing Lights he found in his in- 
telligible Extenſion. Others, nevertheleſs, find it Dark. 
neſs all over. We knew very well, before De/cartes and 
Malbranche exiſted, that the Thoughts of the Soul were 
followed by the Actions of the Body, and the bodily Im- 
preſſions followed by ſome Thoughts in the Soul. Def. 


cartes and Malb anche pretended that this Matter was not 


well underſtood, and that the eſſential Point conſiſted, 
in acknowledging that this Correſpondence of the Body 
and Soul, ſubſiſted by Virtue of an Order of the Creator, 
and purſuant to a Law eſtabliſned from the Beginning, 
That Law is a Word not made uſe of before them : Bur 
who was 1gnorant- that the Thoughts of the Mind and 
the Actions of the Body, followed one another recipro- 
cally by the Order of God? And what has this Law 
taught us more than a meer Word? And aſter ſo many. 
Preliminaries and. Debates on all thoſe Queſtions, who 
is the Man among them that can teach us what a Body, 
a Brain, or a Drop of Blood is ? Our Eyes are, ſtill, as ſhorr 
ſighted as before. | | 
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It is not with the Lights which we borrow from Reli- 
gion and Experience, as it is with thoſe which Philoſophy 
promiſes us to no Manner of Purpoſe. The Scripture, 
tis true, does not methodiczlly give us definitions, with 
both the Genus and the Difference, of what a Body and 
a Spirit are: A thing perhaps very unnece ſſary. But it 
informs us in the very firſt Pages, that Man is the Image 
of God, becauſe he, like God, is to bear an 1. 
Sway, and his Government extends to every thing on Earth. 
Nothing can be clearer, nothing more noble than this. 
To this firſt Truth the Scripture adds another immediately 
after, which is of equal Importance, and the natural Con- 
ſequence, as it were of the foregoing, wiz. that Man ſhall 
be . poſſeſſed of all, on Condition that he ſhall publickly 
honour him that gave him all. Where could we find any 
Doctrine that was more affecting, more compendious, or 
more intelligible? There is no Mortal that does not un- 
derſtand what a Poſſeſſion is, or is not ſenſible of the Ju- 
{tice and Reaſonableneſs of Gratitude. Vis true, if you 
propoſe this to Philoſophers, they, perhaps, will be di- 
vided on the Reality of the Poſſeſſion and the Neceſſity of 
the Homage, or embarraſs the whole by Arguments more 
obſcure than the Thing itſelf. Some will tell you, that 
this Domain is an Uſurpation. Man is an unprivileged 
Animal, and he ought not to raiſe himſelf one ſingle De- 
gree above the Ox or the Gooſe. Others will ſay, you 
are in the wrong not to acknowledge Man's Privileges: 
We'll challenge them by Virtue of the Excellence of the 
thinking Subſtance, and of the Ideas we have of the Di- 
vine Wiſdom. Which intimates that they are going to 
employ Metaphyſtcks and Thoughts liable to muck Con- 
troverſy, to make us underſtand what is very fimple, and 
what we all of us are {ufiiciently taught by Experience. 

Philoſophy will aſk, if it is agreeable to the Nature of 
God to ſubject Adam to any Homage, and to order that, 
on his refuſing it, he and his Pofterity ſhould become Mor- 
tal. Dictating the Decrees of God. is no ſmall Commil- 
ion; and yet the Philoſophers do not heſitate to take it 
upon them, as if they were appointed to let us into the Se- 
cret of them. Scripture and Experience do not ſay ſo 
much to us: but yet we may be contented with what they 


ſay. 
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ſay. They reflect a mutual Splendor on each other. On 
the one hand, Scripture informs us that the firſt Wor- 
ſhip required of Man was the Teſtimony of his Gratitude, 
expreſſed by an outward Acknowledgment of his having 
received all; and that the Denial of the Obedience of the 
firſt Man was puniſhed by his Poſterity's being ſubject to 
Death. On the other Hand, we find again in the Expe- 
rience of all Ages, that all Nations have known the Ne- 
ceſſity of keeping ſome of the Productions of the Earth 
in Reſerve, in order to do Honour to the Divine Nature 
rom which we receive them. Nor do we leſs experience 
the common Neceſſity of Dying, as a terrible Puniſhment 
which we are all doomed to undergo. Scripture, there- 
fore, and Experience lead us to the very fame Truths: 
and although they do not teach us whatever we may be 
pleaſed to a{k them, yet what they inform us of is cer- 
tain, and uſefully inſtructive: Whereas there is no depend- 
10 upon the Anſwers of Philoſophy : And why ſhould we 
follow it, if it may lead us aſtray ? It will go further 
than we can poſſibly penetrate, and we ought to proportion 
our Reſearches to our Capacity. Now, we have at all 
Tunes and every where found, that we were clear-fighted 
enough not to confound one Thing with another, and able 
by Degrees to know the real Merit, the Uſe and Proper- 
ties of Beings; but we have likewite experienced that we 
had no clear Idea whatſoever of their Nature itſelf. Let 
us here, of all Things, avoid running keadlong into an 
Abyſs of Diſputes on the Nature of God and the Order 
of his Decrees, on the Eſſence of the Soul and that of the 
Body, and on the Nature of their Union. Let ys be con- 
tented with what we can know of all this without Dif- 
putes and to {ome Purpoſe. | N £43 54 
We know the Exiſtence of God by the following Ar- 
gument, which is as hort and ſatisfactory as that whereby 
we demonſtrate the Equality of the three Angles of a Tri- 

angle to two right ones. | 
There is ſome Being which exifts from all Eternity, or 
the Beings we now tee muſt have proceeded from Nothing: 
Which is impoſſible, ſince from Nothing Nothing can”be 
produced. Now, that which has always been, either is 
an Almighty Intelligence that has ordered the World 
wheu and in the Manner it was pleaſed to do it, or yr 
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W the World itſelf, which both in great and little has or- 
dered itſelf without any Wiſdom or Deſign. But the 
| World could not ſet itſelf in Order, nor eſtabliſh a perma- 
1 nent Economy and conſtant Generations, without the | 
j leaſt Intelligence or Deſign. Therefore, there muſt needs 
be an eternal Wiidom that has made all we ſee, when and * 
in the Manner it was pleaſed fo to do. We confeſs, that | 
all the World 1s not capable of Reaſoning ; but without | 
any Reaſoning, we all of us feel the unavoidable Impreſ- 
14 fon of a Power which controuls us, and an Intelligence 
14 which procures a Correſpondence among all that ſurrounds 
us 


Next to God's Exiſtence, we may ſtudy his Wiſdom and 
Goodneſs; but, his Nature is inacceſſible to our Reaſon. 
We know our own Soul, our Deſires, Joys and Thoughts, 
becauſe nothing 15 more intimately preſent to. us. Nay, 
it 1s our very ſelves. We know our Body, becauſe we are 
tied to it. But, let us not needleſsly rack our Brains, to 
know what the divine Nature 1s, what Thought, Life, 
pR_— Space, or ſolid Extenſion are; in ſhort, what 
. ind of Tie it is that aſſociates Mind with Body. Philo- 
if ſophers never ceaſe turning our Thoughts that Way, where- 
as it is plain that we had quite another Taſk to diſcharge. 
For it 1s an evident and a puniſhable Obſtinacy, perpetually 
to caſt our Eyes upon what God keeps concealed under an 
1mpenetrable Veil : Whereas nothing is more prudent nor 
better rewarded than the Method of following the Light 
which God ſhews us, and of carrying as far as we pofub 
can that Diſcernment whereby he allows us to diſtingui 
one Thing from another, and to learn how to bring the 
Uſe of them to Perfection. We ſtand in need of no 
more: And as we know Water ſufficiently when we know 
how to diſtinguiſh it from another Element, how to boil 
or make it freeze, how to evaporate, thicken, or render 
it freſh, how to make it run ſmooth or ſpout out in what 
Quantity we pleaſe, without being able to ſay what that 
Water is; let us advance in like Manner in whatever it is 
poſſible and advantageous to us to know of God, of our 
own Soul and our Body, of our Duty, and of God's De- 
ſigns in regard to us. It being evidently our Condition 
not to be ignorant of or acquainted with every thing: Nec 
nil, negue omnia; inſtead of turning our Eyes, and Re- 
ſearches 
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ſearches upon the Nature of Beings, that is, upon the 
dark Side which Philoſophers are ſo fond of, is it not 
more prudent for us to fix our Sight on the Part from 
whence the Light comes to us? Now, there are no Ideas 
either more luminous or fitter to elevate the Soul, nor any 
that coſt it fewer Efforts, than thoſe which offer them+ 
{elves jointly both in Revelation and Nature upon the Do- 
minion of Man, When it will be Time for us, from his 
actual Poſſeſſions to paſs on to the ExpeQatioa of an hap- 
pier State; we ſhall find again that Religion and publick 
Teſtimonies diſſipate, by ſtill ſurer and ſtronger Lights, 
the Doubts which proud Reaſon will affect to multiply. 
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Proved from the Proportions and Excellence 
of the human Body. 
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T being the apparent Deſign of God to make Man his 
. on Earth, whatever was beſtow'd on 
him muſt be conducive to the Execution of that Deſign, 
and ſupply him with the Means of exerciſing an univer- 
ſal Power. The human Body, that of the two Parts of 
our Being which offers itſelf the firſt, was wonderfully 
framed for that Purpoſe. 

The Anatomy of the ſeveral Pieces which compoſe the: 
Machine of the human Body, is not what ought to oc- 
cupy our Thoughts here. Although this Science be one 
of the moſt ſatis factory, and perhaps that which has made 
the greateſt Progreſs ſince the Revival of Sciences; its. 
chiet Object is the Diſſection of the inward Organs, where- 
by the human Body agrees in its Functions with the Body 
of Animals; whereas our preſent Inquiry is on what di- 
ſtinguiſhes Man from Beaſts, and enables his Body to 2 
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ſter the moſt active and ſtrongeſt Animals. We want no 
Scalpelle, nor any Studies, to perceive, in the ſole Uſe of 
his Organs, the Exerciſe of a Dominion as extenſive as 
the Globe itſelf, and to be ſenſible that God has imprint- 
ed his Reſemblance on the Body as well as on the Soul of 
Man. | 

He that made the Eye, ſees without the Help of Eyes. 
He that made the Tongue, hears and makes himſelt heard 
without the Aſſiſtance of Specch. We ſhall not, therefore, 
look into the Form of the Organs for the Reſemblance of 
Man with God. That is the Part, on the contrary, in 
which he does not reſemble him. But the Impreſſion of 
the Image of the Almighty is found again in the Excel. 
lence of the Effects of theſe Organs. They are ſuch as 
render Man, in Reality, the Lord of Nature, beſtow on 
him the Activity of the Creator, and Rule over every thing 
qn Earth, 

In treating on the Nature of the Body and Soul of Man 


articularly, let us alu ays remember that we ſpeak of a_ 


ody which is under the Tuition and Government of ag. 
Intelligence ; and that the human Underſtanding is ſe- 
conded and waited on by bodily Organs. When we ad- 
mire the Skill of his Hand, we do not at the ſame Time 
forget that great directing Principle on which that Skill is. 
founded : And when we admire the Science of that Crea- 
ture who invents ſo many ufeful Performances, it will not 
be excluſive of the performing Hand. We ſhall only, for 
the Sake of proceeding regularly, give a more particular 
Attention to one of the Powers, and then to the other, 
but fill without rendering them independent. For, why 
ſhould we by any Means ſeparate what God has fo ſtrictly 

united? | | 
When we ſee in the Eagle voracious Inclinations, toge- 
ther with Claws and a Beak, fit to lay hold on his Prey, 
and tear it to Pieces, we judge with Reaſon, and without 
Kaving Recourſe to the Diſſection of the inward Organs, 
that the Intention of the Creator was not that that Bird 
ſhould feed on ſmall Seeds, which his Beak can never 
gripe ;- or on a few Blades of Grafs, which could only diſ- 
guſt him. When, on the contrary, we obſerve the In- 
clinations of the Canary-bird and the Dove, together with 
their lender Feet and feeble Beaks, we aſſert, gr; 
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leaſt Apprehenſion of a Miſtake, that the Intention of the 
Creator was not that theſe Birds ſhould feed upon Blood 
and Slaughter. The Intention of God with Regard to the 
Lamb and the Lion is conſpicuous in the Tameneſs which 
retains the firſt near Man, and in the Fierceneſs which 
drives the latter into the Woods and Defarts, to multiply 
their Species there, without aſking any thing of Man., 
The Horn which hardens the Horle's Foot, and the 
Strength of his Hough, are Indications to us of the Tra- 
vels and Services he will be fit for. We are never tempt- 
ed to bite a Bit of Chalk, or a Piece of Marble, nor 
to employ the fruits of Trees in the Stone-work of our 
Walls. It is indeed in every thing, that the viſible Pro- 
portion which 1s between a Species or an Organ, and a 
never-failing Effect, ſufficiently informs us of the Deſtina- 
tion of thoſe Bodies. We may then judge from the In- 
ſpection of his Shape, from his Senſes, and from the Har- 
mony and Concert of the Organs of Man in the producing 
a Multitude of Effects, that he is born to make uſe of all 
the Products of the Earth, and to put every Part of it un- 
der his own Direction. 

I. The Pre- eminence of Man is immedi- 
ately declared by the Dignity itielf of his Man's Head. 
Head, and the Advantage he receives from and Shape. 
the erect Poſition of his whole Body. There | 
is nothing ſo beautiful in nature as the Face of Man. The 
Tokens of his Superiority appear no where with more 
Splendor, though they are as really ſpread throughout the 
reſt of his Body. 

Majeſty dwells on his Forehead. The 
exacteſt Symmetry is obſerved in the Shape His Features, 
of his Face and the Harmony of all his Fea- 
tures. The Arches formed by his Eyebrows and Lids, 
at the ſame Time that they free the Eye trom the Sweat 
and minute Elements that might tarniſh it, ſet off the White- 
neſs of it, and beſtow a new Beauty and Splendor on every 
Motion. It may be ſaid that Grace and Pignitymert and 
reſide on his Lips, fince one ſingle Smile of theirs ſuffices to 
ſpread a Chearfulneſs all round them, and they gave, thro” 
the Variety of the Sounds articulated by them, Orders 
which are immediately executed, or that will be carried 
to the greateſt Diſtances, | : 


But 
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But the Perſon appointed to govern, ought not always 
to have Recourſe to Speech to be obey'd or underſtood, bis 
Face therefore is the Mirror of his Soul. The rich Co- 
lours wherewith God has heightened the Beauty of its ſe- 
veral Strokes, ſucceſſively expreſs either the Serenity of his 
Mind through their Calmneſs, or its ſecrer Emotions by 
their ſudden Alteration. An unconceivable Multitude of 
ſmall Muſcles, and a ſtill greater Number of minute Strings 
diſtributed through them, terminate at his Cheeks, his 
Lips, and throughout the Extent of his Face, which form 
as many Expreſſions as there are inward Emotions. Some 
of them raiſe his Eye-brows, widen the Opening of his 
Eyes, and give him an Air of Statelineſs or Indignation. 
Others depreſs his Eye-brows, ſo as to rob us of the Sight 
of his Eyes, and, through the Multitude of the Plaits that 
furrov the lower Part ot the Forehead, characterize either 
his Sadneſs or his Recollection; ſome of them are appoint- 
ed to make the brighteſt Red, or the utmoſt Paleneis ſud- 
denly ſucceed to his uſual Complexion, and by Turns to 
expreſs his Joy or Fears, his Approbation, Refuſal, or 
Deſpite, his Deſpondency or Security. Animals have 
ſome of the Paſhons of Man. But the vaſt Variety of the 
Signs which maniteſt them is peculiar to Man: For why 
is the open View of his Face ſufficient to let us ſee whe- 
ther he is gay or ſad; whether he meditates, or is only 
relaxing his Mind; whether he threatens or careſſes, whe- 
ther he is irritated, or pleaſed ? Is it not to the End that 
his Fellow-creatures, and even the Animals, m:y be in 
ftantaneouſly informed of the Deſires or Orders of him 
who has a Right to be liſtened to. He would be diſgraced 
er fatigued by the perpetual Neceſſity of uſing Speech to 
make himſelf underſtood. His Thoughts are at once read 
in his Air, and at once he experiences around him Silence 
and Reſt, or. ſuch Actions and Proceedings as agree with 
his own Concerns, 

The Head, or rather the whole Man, reaps a mighty 
Advantage from the erect Poſture of his Body, towards ex- 
erciſing his Authority. All the Animals are reclined to- 
wards the Earth, and creep upon it. Man alone walks 
with his Head upright, and by this Attitude maintains 
himſelf in a full Liberty of Action and Command, 
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That Head thus appointed to regulate the Motions of 
the Body which ſupports it, and to watch over the Diſpo- 
ſition of all the Products of the Earth, does not ſolely en- 


joy the Benefit of its own Situation and Dignity. It is 


the Seat of the Underſtanding. It has exquiſite Senſes, 
and all the Organs neceſſary to receive Advices from, or 


ſend them to all Parts. Its Eyes ſtand Centry in the high- 


eſt Story, and perceive at further Diſtances. When the 
Eyes are taking their Reſt behind the Curtain of their 
Lids, the Ears remain open, and are informed of every 
thing. It 1s oftentimes his Smell, that informs Man of 
what his Eye or Ear cannot tell him. His Tongue, be- 
ſides the Faculty of diſtinguiſhing the Tributes which all 
the Earth pays him, enjoys the Privilege of impofing a 
Name to whatever is in his Habitation, and of diſpatch- 
ing all the Orders that are requiſite towards the Manage- 
ment of it. That Head is viſibly appointed to govern, 


ſince it is the only one that can keep a Correſpondence 
with the whole Univerſe. 

The Motions of Animals are, in each 
Species, confined to a Number ſmall e- _ * —— 
nough. The ſame are repeated moſt com- of Man. 
monly, becauſe they all of them have but 
one Method which 1s peculiar to them. The Motions and 
Actions of Man are numberlefs, becauſe his Prudence and 
Operations were to extend to all. 

It Man did, hke the Quadrupeds, adhere to the Ground 
by both his Arms as well as by his Feet ; he would from 
that Moment loſe the Multiplicity of his Actions. He 
would no longer be able to govern ; and the Faculty of 
imbelliſhing the Earth with teveral Works, could never 
be reſtored to him but in Company with the Agility he 
receives from the ere& Poſture of his Body and the Liberty 
of his Hands. 

But, inſtead of debaſing him by making him creep 
with the terreſtrial Animals, let us raiſe him up into the 
Heavens, and let him rule overall from that lofty Station, 
Let us ſuppoſe that his Arms are all over covered with lon 
thick Feathers, and turned into a Pair of Wings. He 
begins to ſpread them, and ſeeks the Skies. He cuts the 
yielding air, and his rapid Flight conveys him into the 
other Parts of his Abode, which he may viſit at his Plea- 

| ſure. 
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ſure. Let us ſee now, if he is better ſerved by a Couple 
cf Wings, than he 1s by a Pair of Arms. Does he gain 
much by that Change? He even loſes by it what he poſ- 
ſeſſed before. His Arms and Feathers are an Inſtrument 
of Tranſportation : He never will ſpread them any more, 
but to fly: And that robs him at once of his nobleſt Pri- 
vileges. If he leaves his heavenly Regions to come to the 
Earth again, he begins by ftriking his Feathers; and in 
order to preſerve them from Filth, he-gathers them cloſe 
to his Sides. Now he is perfectly lame and unfit for any 
thing whatever. Do but return him his Arms, and he 
1, Lay all his Talents and Riches. His Field will be 
ploughed, his Vine cut, his Foreſts felled, and his Provi- 
fions layed up in ſtore. 1 fee him from that Moment 
reaching thoſe very Arms into the Bowels of the Earth, 
and quite to the Bottom of the Seas, where his Wings 
were not ſo much an Help as an Obſtacle to his Under- 
takings. Ought not God, ſome Philoſophers will fay, to 
have este Man with both Arms and Wings? My An- 
ſwer is, that he has provided us ſtill better. We never 
ſaw the American Birds croſs a Space of two thouſand 
Leagues, in Order to come and pay a Viſit to thoſe of our 
Continent: But Man does in ſixty Days paſs from one 
Carthag:na to the other. He, then, has better Wings 
than the Tlangaeſhut and the Toucan . When he ſhall 
have a mind to review his Plantations, or colle& the 
Riches which Peru affords him, the Ocean, which is ſhut 
up to the Eagles, will not ſtop him. The Creator would 
not have Man be like a bird, becauſe he intended to make 
him a King. TRIS 
3 The Liberty of governing all, and of 
* "Shape n varying his Actions according to the Fxi- 
with what ſur- gency of Circumſtances, is the firit Help 
10unds him. Man experiences from the noble Poſition 

| of his Body. But the Analogy of his Shape 
with the Things around him, is a new Source of eaſy Me- 
thods to him in making himſelf Maſter of all. Had he 


* A fiſhing Bird of Mexico and Braſil, which has a flat and very 
long Bill, that widens towards the End in the Form of a Spoon, like. 
the Dutch Pallet. 

+ A Pye of Brafil, that has a Bill as big af its Body, See Mil- 
loughby Ornutel, | 5 
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Explanation of the FRONTISPIECOR 
. 


HAT Is Man? Pſalm viii. David, a 
ſimple Shepherd, admires the Extent 
of the Rights granted to Man, and is employed, 
in the Silence of the Night, in finging the Au— 
thor of his Demeſn. A fine Moon-ſhine ſhews 
him the Marks thereof round him. The Bow 
and Arrow, which in the Day Time ſearch a 
Prey for him in the Air, lay on the Graſs. A 
oreat Willow ſupports and dries, on the Water 
Side, Nets which draw out of it Part of his 
Food. The Oxen, unteamed from the Plough, 
chew the Cud, or lie ſtill, waiting for the Re- 
turn of the Sun, and their departing Order. 
His Dogs ſtand Centry. His Sheep in the Fold 
heat in part the Piece of Ground he wants to 
till; and the Urſa Major, by its Poſition, indi- 
cates to him the Hour when he muſt remove 
them from one Fold into another, The whole 


Earth countenances his Will ; and Heaven itſelf 
rolls for his Service, | 


le 


It 


Earth ſupply him with all Neceſſaries. 
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the Shape only of a Child, he could neither conſume, nor 
even wor! the Productions of the Earth. A Gigantick 


Corpulence would expoſe him to Want, nor could the 

Far from beholding with Envy Animals ſwifter than 
himſelf; he either makes them run for his Service, or 
borrows the Wings of the Winds and Seas, that tranſport 
him round the whole Globe. He wiſhes not for broader 
Shoulders in order to<carry heavier Loads. He leaves tha 
kind of Glory to his Servants, as the Horſe, the Ox, the 
Camel, and the Elephant. He need never complain of 
not being provided with Claws like the Lion, nor with 
'Tuſhes like the Boar. It becomes the Lord of Nature to 
come unarmed into the World. Gentleneſs and Peace are 
his true Properties. But if he wants to defend himſelf, 
the Animals fly to his Aſſiſtance. Woods and Stones will 
oppoſe Walls to his Enemies. Salt, Sulphur, Fire, Iron, 
and all Nature conſpire to ſhelter him from Inſults, 

He has indeed but an indifferent Degree of Agility, a 
moderate Vigour, and a middling Shape. Nevertheleſs, 
the Eaſineſs of that Shape, and the juſt Conſtitution and 
Temper of his Faculties, cauſe him to be obeyed and ſerycd 
by the ſwifteſt, the moſt vigorous and moſt formidable 
Creatures. We ſhall be ſtill more ſenſible of this Truth, 
from a more particular Examination of a few of his 
Organs. f | 

2. What we have juſt remarked of the 
whele Frame of the Body of Man, and of His Leg. 
the exact Proportion between his Shape 
and that univerſal Sway which 1s allotted him, we may 
again obſerve in his Legs and Arms. 

At firſt Sight, the Leg of Man appears 
rather a fine Support than an Inſtrument The Support of 
of Activity. The major Part of Quadru- the Human Body, 
peds and Birds have in Fact an Agility 
much greater than that of Man. The former, being car- 
ried upon four Legs, ſupport the Fatigue of long Journies 
better, and travel quicker than he does. The Birds, who, 
beſides the Swiftneſs of their Feet, have the additional 
Help of Wings, enjoy a Liberty ſtill more perfect. On 
the contrary, 1f we judge of the Legs of Man from their 
Structure, and from the Sole of the Feet which terminate 

Vor. V. G them, 
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them, they appear Columns and Baſes fitter to ſerve him as 
a Support, than to facilitate kis Travels, 

He may, 'tis true, by Dint of Exerciſe, arrive at no 
inconſiderable Degree of Agility. But that Nimbleneſs 
which the Creciaus admired in Ach billes, and in their Ath- 
leles, and which may full ſurprize us in a running Foot- 
man, Or a Vaulter, 1s not the natural Privilege of Man. 
Is it any Shame to him to be without it? Not a whit 
more than not having his Fingers armed with crooked 
Nails, or two of his Teeth ſtretched conſiderably out of 
his Mouth, like thoſe of the Elephant. Expedition in 
running is the true Merit of a Meſſenger; and Man, I 
ſay it agaiy, is appointed to govern, But then his Legs 
ſupport him with an Air of Dignity, that ſets him of, 
and beſpeat. s him a Maſter. If they ſupply him ſome- 
times with a commodious and ſpeedy Conveyance, by their 
alternate Progreſſion, it is only when he is to traverſe ſmall 
Diſtances, or to carry his Orders and Cares to the Places 
round him. But when he has a Mind to croſs whole Re- 
gions, or overtake the Animals that fly from him; then, 
indeed, he is ſerved, and runs as becomes a Lord to do it. 
Dogs of all Shapes and Skill, puſh through every Buſh and 
Thicket, traverſe great Plains, iwim over Rivers, and, at 
his Command, ruſh upon the Game he purſues, or re- 
ſpectfully bring back to him the Prey that fell beneath the 
Thunder of his Hands. The Camel, the Horſe, the Ox, 
the Rein-deer, and other Animals, equally uſeful by their 
Activity, Strength, or Patience, ſucceſſively offer them- 
ſelves to help on the Culture of his Land, to tranſport bis 
Crops, and to carry him wherever he is pleaſed to go. 
'The Rivers bring him, from one Province to another, long 
Strings of Barks, each whereof 1s able to carry three or 
four hundred thouſand Pounds Weight, and a great deal 
more. The Sea, in ſhort, facilitates the Acceſs of all Cli- 
mates to him. 

But tho' he is rather carried, than carries himſelf to 
theſe great Diſtances; his Leg, by a particular Form, and 
by Muſcles peculiar to it, performs an infinite Multitude 
of Actions and Situations, ſuitable to the ſeveral Exigences 
of his Government, but uſeleſs and denied to his Slaves. 

The Leg of Man grows leſs and leſs towards the Ground, 
where it terminates in a Baſis flattened on Purpoſe to wp 

the 


The Excellence of Man's Body. 27 


the Body by giving it a noble and firm Attitude, without 
clogging the Liberty of its Motions by the Largeneſs of 
the Bulk: And although the Beaſts of Burden have their 
Legs made firm upon a flat Surtace; the Advantage they 
reap from it as to themſelves, is confined to the Solidity 
of the Poſition. Their Hoof is rough-hewn. It has nei- 
ther Articulations nor Springs. But the Sole of Man's 
Foot being aſſiſted by the Mobility of the Toes that border 
the End of it, and by the numberleſs Nerves as it were 
that ſpread and are diſperſed in the Heel, and in the whole 
Texture of the Leg, ſupplies it with a prodigious Variety 
of Motions, both when Man has Recourſe to them from 
the Neceſſity of his own Preſervation; and when he is 
pleaſed himſelf to ſupply, or even mimick the Functions 
of the Animals that ſerve him. He does not always make 
uſe of the Horſe's Legs, and he often 1s contented with 
imploying his own Activity. Sometimes he awakens all 
his Limbs by bounding like the Ram. Sometimes he 
gives a Spring like the Goat and the Chamoys, and with 
a Jerk ſhoots through the Paſſage he cannot ſet his Foot 
on. It is not uncommon with him to lay the whole 
Weight of his Body upon a ſingle Foot, like the Stork: 
And, whatis never ſeen in any other Animal, he balances 
himſelf, and affords ſeveral Poſtures and Situations of Bo- 
dy, though hardly ſupported on the Tip of one Foot only. 
He turns about on his Heel: He contrives a Multitude of 
Steps, ſome of which are grave, others quick 
and light: He unites them all, and makes Dancing, 
them ſucceed each other in a Thread with | 
Variety and Cadence, at once capable of delighting the 
Eye, the Ear, and the Mind, which are always fond of 
Symmetry. He moit uſually negle&s theſe Efforts, the 
chief Merit of which conſiſts in the Difficulty of tie Exe- 
cution, and contents himſelf with that Part of Dancing, 
which may procure the Eaſe of his Motions, or ſet off his 
natural Digmity, not much caring to reckon among his 
Talents the Caperings and Grimaces of the Ape, or the 
unpetuous Motions of the Graſs-hopper. 
The Muſcles and Nerves which produce ſo many 
Stretchings, Retractions, Jerks, Slidings, Turnings, and 
Operations of all Kinds, have all been collected in one 
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Bundle, neatly rounded behind the Shin- 

The Calf of bene. I his maſs becomes a commodious 

the Leg. Pillow, fit to lay and reſt that tender Bone 

upon, fo very neceſſary, and fo brittle. It 

is at the ſame Time a Rampart to it, againſt the Blows 

and Injuries it may be expoſed to on that Side where the 
Eye cannot prevent them. 

The Extremities of all theſe Strings come down croſs 


each other quite under the Sole, or ſtop in the Way, and 


ſtick to the ſeveral Parts which are to bend or turn, accor- 
ding to the particular Impulſions. T'wo ſtrong Carnofi- 
ties, like a Couple of touph horny Cuſhions, cover the 
U:der-part of the Heel and the I ip of the Sole; that the 
Wight of the Body reſting upon them, the Veſſels that 
lie under them may not be ſtrained or deprived of their 
Action; and that the Middle of the Sole forming a con- 
cave Arch ſomewhat raiſed from the Ground, it may ad- 
mit there, as much Air as will ſpring againſt the Preſſure 
of that Arch, and always diſpoſe Man to ſome new Mo- 
tions. 

I paſs by a great many other marks of Precaution this 
Inſtrument is evidently full of: bat, I muſt not omit ob- 
ſerving that the two Columns of the Body, always go up 
thicker and thicker, not only to lay the Body upon a pro- 
portionable Support, but alſo that it may be ſoft, when 
it wants to eaſe itſelf of its Fatigues. The Arm and Hand 
together contribute ſtill more to the Exerciſe of the Au- 
thority of Man. 

3. Since Man has an Arm, I ſays he is 
Maſter of every Thing on Earth. This muſt 
naturally follow. That being truly the To- 
ken and the Inſtrument of a moſt effectual 
Sovereignty. Behold the Animals. One is born a Hun- 
ter, and has the Inſtruments fit for Hunting. Another is 
born a Fiſher, and it is in order that he may reach very 
deep into the Water, that he has both his Neck and Beak 
very long: He has alſo a Pair of long ſcaly unfledged 
Thighs, that he may dip into the Water without ſoiling 
himſelf in the Mire. The Vocation of another is to car- 
ry or draw Burdens; to which Purpoſe his Hams and 
Shoulders are wonderfully adapted. All have their proper 

Functions, 


The Arm and 


Hand together. 
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Functions, together with the Tools belonging to them. 
They all have a Trade, in which they reſpectively excel: 
But no more is to be expected from them. You may per- 
haps with Blows, Inticements, or Exerciſe, break them 
to ſome leſs common Operation, and oblige them to vary 
their Motions according to your Deſires, and the repeated 
Signals you give them: But all that Skill reſides in your- 
felf, and argues no particular Dexterity in them; much 
leſs is it the Mark of any Defign of theirs, or of the leaſt 
Degree of Perfection acquired by Reaſoning. In ſhort, 
a'l their free Operations are as limitted as the Inſtruments 
of their Profeſſion: But the Arm of Man being an univer- 
ſal Inſtrument, his Operations and Government extend as 
far as Nature itſelf. 

That Arm, by ſtiffening, performs the Functions of a 


Lever or a Bar. When bent in the ſeveral Articulations 


that divide it, it imitates the Flail, the Bow, and any 
Kind of Spring whatſoever, By doubling the Fiſt that 
terminates it, it ſtrikes like a Mallet. When it rounds 
the Cavity of the Hand, it holds Liquids like a Cup, and 
tranſports them. as a Spoon would do. By bending or 
joining its Fingers cloſe to each other, it makes Hooks, 
Pinchers, and Nippers of them. The two Arms ſtretched 
out imitate the Balance ; and when one of them 1s ſhort- 
ened to ſupport ſome great Burthen, the other ſtretched 
out immediately on the oppoſite Side, conſtitutes an Equi- 
librium, and, like the Roman Balance, makes up the 
Overplus of the Weight with the Length of the Leaver. 
But comparing the Arm and Hand with thoſe of our or- 
dinary Inſtruments, 1s extenuating their Merit, Inthe ex- 
acteſt Truth, the Arm is both the Model and the Soul, as 
it were, of all Inſtruments whatſoever. It is the Soul of 
them, as the Excellence of their Effects does always pro- 
ceed from the Arm and Hand that direct them. It is like- 
wiſe the Model of them: Since they are all ſo many Imi- 
tations or Extenſions of its different Properties. That Arm, 
which by ſtiffening heaves up a Stone or a Piece of Tim- 
ber, has given us the Idea of the Leaver. It lengthens 
itſelf in a Manner by laying hold of that Leaver. Its 
Strength may thus be increaſed a Hundred- fold, and more, 
and then it turns over a rough Piece of Marble, or makes 
a Heap of Trees it has cut down move before it. That 
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Arm, which could give alone no indifferent Blow, and 
which raiſed, no doubt, the firſt Idea of all Hammers, 
by cloſing up the Fingers, when it comes to borrow the 
Aſſiſtance of a Mallet or a Club, knocks down an Ox a: 
one ſingle Blow. It pulls down Oaks from the Tops of 
Mountains, whence Man drives them partly towards his 
Habitarion, or to the Places near his Vineyard, or to a 
Kiver's Side, according as he wants to prepare a Roof, a 
Prets, or a Bark. | 

The Hand of Man may alſo carry and tranſport Fire 
and Liquors, ſtir up the Earth, lay hold of Weod, Stones, 
or any other Body: but it pertorms all theſe Actions only 
in little, often with ſome Diſadvantage, and at the Riſk 
of being burnt or bruiſed. A Senſe of the Services it of- 
fers him, and of the Dangers he expoſes it to, raiſed in 
him the Idea of Helps. Spoons, Nippers, Pincers, Sho- 
vels, Spades, Pitch-torks, and all Tools in general, are fo 
many Hands which imitate in great what the Human kind. 
does in imall. It ſæreens itſelf from being hurt, by offer- 
ing them in its Stead : and what its natural Tenderneſs. 
hinders it from executing by itſelf, it performs with Ad- 
vantage by the Shape and Solidity of the Tools it is ca- 
pable of managing. 

That Hand, ſo very weak to Appearance, that Hand 
which would be but faint, or even bruiſe itſelf, if it ſtruck 
immediately upon Stones and Metals, needs but direct a 
few Pieces of Wood or Iron towards maſtering all Things, 
and rendering them uſeful by a juſt Correſpondence. 

That Arm which is not two Cubits long, and but four 
or ſive Inches broad, performs Wonders when aſſiſted by 
the Vigour of the Fools which repreſent or defend it. It 
ſeems then that nothing can reſiſt or ſtop it. It bruiſes 
vaſt Rocks, and breaks thro' Mountains. It reſtrains Ri- 
ver:, and forces them to run in new Channels. Iron and 
all Metals take what Turn it is pleaſed to give them. It 
conquers the Reſiſtance of Marbles and Stones : It ſhapes 
them at Pleaſure like a Piece of ſoft Wax; and now 
makes of them as an Arch to join the two Sides of a large 
Canal; now whirls them about into a Stair-caſe, to render 
every Part of Man's Abode acceſſible to him, or lays them 
abreaſt and in a String, from Rome. to Brunduſium®, to 
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make them become in the Middle of the muddieſt Plains, 
a Way as hard as Iron itſelf; a Road that ſhall be paſſable, 
and frequented after two Thouſand Years Service“. 

But the Hand of a Man, perhaps, meets with ſo much 
Succeſs only when it acts upon Matters void of Senie. 
What contradiction does it not experience from Animals? 
This Reſiſtance, far from diſgracing the Hand of Man, 
infinitely heightens the Merit and Value of it. The Hard- 


neſs and Weight of Marble and Metals was never any Diſ- 


honour to the Hand which overcomes them. How does it 
compaſs the hewing and faſhioning a rough Piece of 
Marble, ſo as to make a noble Figure, a light Drapery, 
the Features of Lewis XV. come out of it? What it could 
not attain to by itſelf, it performed by the Afiiſtance of 
the Mallet and Chiſel. How did it dare attempt to raiſe 
and hang up a Bell of thirty Thouſand Pounds Weight an 
Hundred Feet from the Ground, or to terminate the vaſt 
Pediment of the Colonade of the Louvre by an Ogee of 
two Stones only? It called to its Help, Levers, Pulleys, 
Wheels, Cranes, and all Sorts of Machines, in which a 
very ſmall Force gets the better of a very great one. With 
theſe Helps the Hand of Man makes itſelf ſure of the Vic- 
tory over what reſiſts it, and it is that kind of Magick that 
conſtitutes its Glory, by infallibly ſubduing the heavieſt 
and moſt unmanageable Matters. The Fierceneſs of wild 
Animals, which ſerves to people every Part of Nature with- 


out the Intermiſſion or Cares of Man, does nevertheleſs not 


hinder the: Hand of Man from putting them under the 
Yoke, and making a Profit by them whenever there is 
Need. *Tis true, it is weak, and could not reſiſt the Ti- 
ger's Teeth. The Elephant would bruiſe it with one Blow 
of its Trunk; and if it attempted to bridle the Camel's 
Head, it would not be able to reach it. It is that very 
Hand, nevertheleſs, that confines both the Tiger and the 
Lion. Itis that which makes the Elephant paſs from one 
Region into another. Nay, it will, atits Pleaſure, drive 
a numerous Herd of them from Spain into the very Heart 
of Italy, as it would drive a Flock of Sheep from one Pa- 
ſture into another. But, if it meets the River Rhine in its 
Way, how will it do to encourage the Animal frightened 
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at the Sight of an Element unknown to him, or how will 


it be able, with ſuch a reſtive Maſs, to overcome the Ra- 


pidity of the River? It will firſt prepare a Raft, and co- 
ver it with green Turf: Then it will introduce into it ſe- 
veral Elephants together, as if they were paſſing from the 
high Road into a Meadow: And then with a few Tuggings 
of an Oar, it puts the whole Meadow in Motion, gets it 
off one ſide of. the River, and conveys it to the other with 
as much Eaſe as it would carry a Roſe, or a Sparrow. The 
Hand of Man tames the Bear which comes and kiſſes it; 
and ties up the Camel that bends his Knecs to receive the 
Fetters, or take upon him the Load it has prepared for 
him. Far from diminiſhing the Encominms of the Hand 
ct Man, we ſhall complete them the more, by ſaying that 
it cauſes itſelf to be ſeconded every where by a Force 
which is not its own ; that it employs Matters which ex- 
lited, and were made before it; that it has the Skill to 
take Advantage of the Proportion which is between the 
Weight of the Water and the Lightneſs of Wood, to 
charge Rivers with the greateſt Weights : That it makes 


up its own Inſufficiency with Tools and Counterpoiſes, 


and by the Acceleration of the Motions it finds through- 


out every Part of Nature, There indeed lies the Wonder, 


Things inanimate, the ſtrongeſt Animals, the moſt im- 


moveable Weights, the moſt determinate Motions obey it 


oon or late; all is ſubordinate to it. It not only ſoftens 

the Roughneſs of the fierceit Animals, but it makes their 
very Paſſions and Violence ſerve its Purpoſes. Its Dexte- 
rity turns every thing to its Profit : And although that Hand 
is of itſelf ſomething very ſmall, although it has produced 
nothing it makes Uſe of; yet when we caſt our Eyes upon 
its Victories and Productions, we might be apt to take it 
for the Hand of the Almighty. 

But the Philoſopher, who values his own Thoughts bet- 
ter than thoſe of Scripture, and who has formed the noble 
Project of humbling Man, by robbing him of all Reſem- 
blance with God, will, after all this, perhaps athrm, that 
though the Hand of Man ſeems indeed to diſtinguſh itſelf 
in ſome Works that have an Air of Uſefulneſs and Gran- 
deur, ſuch as a Palace, a Ship, an Arſenal, a Sea-Port, 
theſe are but a few bold Strokes which it may have been 
introduced to make by Neceſſity: Bus ſhall we ſtill find wor 
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vaſt Reſemblance between God and Man, when we deſcend 
to the ſmall inconſiderable Works with which he moſt 
commonly buſtes himſelf? Is he not diſgraced by Trades 
that require no Force nor Induſtry, ſuch as Spinning and 
Sewing? One half of Mankind is contented with theſe 
deſpicable Operations. 

The Art of Spinning, far from deſerving this Inſult, 
is perhaps of greater Value than the Occupations of the 
Philoſophers that paſs this Judgment. Here they may be 
beaten with their oven Weapon. They all of them extol 
in their Metaphyſics ſuch Cauſes as produce very great 
Effects with little Apparatus. Thus they think it proper, 
by one ſingle Law of Motion, which they call very ſimple 
without underſtanding it, to produce both Man and the 
Muſhroom, the Structure and Propagation of which they 
are ſtill leſs acquainted with: That is indeed producing 
a great deal at a very {mall Expence. Let us now ap- 
ply their exquiſite Rule to that Art which is the Object 
of their diſdain. Two or three Fingers piach the laſt 
Threads of a Pack of Wool, Silk, or Cotton, of a few 
Flocks of Wool, or of ſome fine Rinds of Trees hanging 
up at the end of a Reed. The ſame Fingers, after having 
twiſted and thickened theſe I hreads into one, tie the End 
of it to a flight Piece of Wood, at the loweſt Part where- 
of they fix a ſmall Circle of baked Clay that will be re- 
moved when the Spindle is grown ſomewhat heavier b 
being charged with a greater Maſs of Thread. That Wood 
being rolled gently between the Fingers of the right Hand, 
communicates the ſame Turn to the Thread that ſticks to. 
it, and diſpoſes the Twiſts that are ſtill ſeparate to apply 
to one another, from the Neceſſity of turning all the tame 
Way. The Extremities of the Twiſts that come next 
prove to be perpetually intangled with the firſt that hurry 
them away with themſelves. They all advance forward, 
and twiſt on the ſame pace under the Fingers of the Leſt 
Hand, that pulls and preſſes them ſucceſſively. Next to 
this, the Right Hand winds round the Spindle the Thread. 
tormed by the Left; and both Hands alternately repeat 
theſe their reſpective Functions: Such is the Simplicity of 
the Operation. 

One might here very juſtly praiſe the Skill and Exact- 
nels that makes this Thread ſo perfectly even. One might 
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aſk with a well grounded Amazement, how the Fingers of 
an Indian Woman can poſſibly feel and uniformly govern 
a Thread which the Eye can hardly perceive. Let us not, 
however, dwell any more upon a Work that requires ſo 
very little Effort: It ſeems not that human Induſtry can 
receive any great Honour from, nor Mankind reap any 
Eenefit by it. 

But it is the very Simplicity and Eaſineſs of this Work 
that will conſtitute its greateſt Merit, if any conſiderable 
Benefit can reſult from it. We have already converſed 
upoa this Topick, and it will be ſufficient here to repeat, 
that it is thoſe Twiſts and Threads, or ſome others of the 
Kind worked in a Manner ſtill more expeditious with the 
great Spinning-Wheel“, that will ſerve by their Union to 
form all the Weavings and Textures that can be imagined, 
from the Rope and the coarſeſt Girth, down to that kind 
of fine Muſlin, which, when ſpread over the Hand, will 
ſhew nothing but the Hand. It is therefore this kind of 
Work that ſupplies us with Attire and Furniture of all 
Kinds. It affords us the Strings, without which we can- 
not join together or govern any 'Thing. It gives us the 
Cord, which, when ſtretched out between the two Points 
of a Bow, will dart a killing Arrow into the Body of the 
Wood-hen, or the Pheaſant. The ſame Work will pre- 
pare Bonds for all terreſtrial Animals, and form thoſe Nets 
that make Man bear Sway to the very Bottom of Rivers 
and Seas. He 1s indebted to that very Work, for the 
founding Lead that directs his Courſe upon an Element 
that retains no Impreſſion of the Paſſage of the Travel- 
lers that went the ſame Courſe before him, and for the 
Sail that brings him the Productions of both Hemiſpheres. 
We are then entitled to ſay, that the Art of Spinning in- 
veſts Man with his Demeſn; and thus the moſt inſignifi- 
cant of all Works will ſet in the brighteſt Light this Truth; 
that Man was born to govern, when he was endowed with 
Arms and Fingers, even though he were to employ them 
merely in making a Piece of Cloth. | 

We laviſhly beſtow our Admiration on certain Fingers, 
mat ſhew their Agility on the Theorbo, or the Harpſi- 
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chord. But the Fingers which we deſpiſe, becauſe they 
can only ſpin, deſerve rather our Reſpect and Gratitude. 
What would become of us, if the Ladies ſhould take it 
into their Heads to give over the Arts of Spinning and 


| Sewing, in order to get a Name, as our ſyſtematical Phi- 


loſophers do, or paſs their Lite in frivolous Murmurs, 
like our grumbling Metaphyſicians? A ſtrange Occupa- 
tion this! The many Complaints they make of Provi- 
dence, the Attractions, the Monades, the Vortexes, with 
which they are fond of racking their Brains, did never 
procure us the Enjoyment of one ſingle Inch of Ground 
that was uſeleſs before. The commoneſt Kind cf Work, 
on the contrary, is the firſt Support of all our Enterprizes, 
and vifibly makes good the Promiſe of God to Man in the 
Scripture, of ſubmitting every Thing to his Authority. 
Thus the Hands of the Ladies do more Honour and Good 
toMankind than the Heads of a great many Philoſophers. 

If, next to this, we pais on to the ſeveral Works that 
forze.our Iron, that build our Houſes, that make our 
Clothes and Attire ; we every where perceive new Degrees 
of Perfection: but, as we need not, for the preſent, run 
over every one of them, it will ſuffice to incloſe them all 
in one Remark common to the whole ; wx. Ihat in every 
thing that comes' out of Man's Hands, the Generality of 
the Effect points out to him the Generality of his Domi- 
nion. Let us again mention one or two of his leſs toil- 
ſome Operations. I ſee his Hand making a few ſlight 
Strokes with a black Liquor upon a piece of Paper. That 
Paper carries Demands cr Orders as far as he pleaſes ; and 
a few Lines (the Work of two or three Minutes) may per- 
haps eſtabliſh a Correſpondence between two People abſent 
from each other, at never ſo great a Diſtance, or reconcile 
two Families on the Point of going to Law about the Fro- 
pay of an Eſtate that was diſpoſed of ſome Centuries ago 

y an Act now conteſted between them; or it will perhaps 

cauſe the two Extremities of the Globe to concur in t..e 
Execution of one and the ſame Enterprize. 

4. Theſe laſt Relations, in conſequence of 
wh. ch a Man brings about at Batavia, or The Stomach 
VLera-crux, a thing reſolved upon at Amer of Man. 
dam or Madrid, will, perhaps, make ſome 
People fear that we miſtake Greedineſs, and mere acts of 
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Uſurpation, for a lawful Dominion. Inſtead of ſaying to 
Man, as Scripture does, that God has ſubmitted the Herds, 
Flocks, and Birds, the Fithes, and all the Treaſures of the 
Earth tb him, would it not be much more prudent to 
humble him, by reproaching him with his Thefts, and 
the odious Liberty he allows to himſelf of diſpoſing of 
every Thing from one Pole to the other? 

With the Scripture before their Eyes, bad Philoſophy 
can proceed from nothing but bad Maxims. Why will 
Philoſophers preach not only in Preſence of the Scripture, 
and without following Experience; but even upon Prin— 
ciples oppoſite to both ? 

When we have a mind to humble Man, we ſhould not 
do it by accuſing him falſly. The Power we reproach 
him with is no Crime. The Poſſeſſion he is in, and Uſe 
of every thing, is no Tyranny. It is the viſible Work of 
the Creator: And taking from him what God has given 
him, to put him on a Level with the Oiſter and the Snail, 
is by no means humbling, but downright degrading him 
to a brute. 

Thoſe, who have made Complaints or Satires on the Li- 
berty Man takes of uſing whatever the Earth produces, 
knew not, or only pretended not to know, that the Things 
appointed for the Service of Man are ſanctified by his 
Prayer, and by the Moderation of the Uſe he makes of 
them. On the one Hand, thoſe Declaimers do not perceive 
that this vaſt Conſumption made by Man is ſtrictly connect- 
ed with the immenſe Proviſions, that are fit for none but 
him, and with the conſtant Renewal of the Productions of 
Nature: But do they not, on the other Hand, feel at the 
Bottom of their Hearts, without any Metaphyſicks or Diſ- 
putes, that it is Man's Thankſgiving that conſtitutes the 
Correſpondence of the whole Creation with its Author ? 
* Take Man away from the Earth, and you'll make it at 
once uſeleſs, and without Harmony. | 

After having heard thoſe clear Inctructions which the 
Scripture and Experience jointly give us upon that Subject, 
we may, without any manner of Riſk, make uſe of Ar- 
guments and Reaſoning, We may know the Deſtination 
and the general Power of Man in the ſame Manner we 
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know the pecaliar Deſtination of the Eye or Leg. The 
Proportion of theſe Inſtruments with certain Effects, points 
out to us the Intention of the Creator. The Proportion 
of what is within Man, with what ſurrounds him, 1s a 
perfect Indication of the Generality of his Power. Thus 
the Hand proves to be made not only to ſerve him, but 
alſo to employ and work every thing on Earth, becauſe 
nothing but that Hand can reach and rule the Uſe of the 
whole. It is the ſame with moſt of the Organs of Man. 
They ſerve him; but all the Earth helps them to ſerve 
him, and all the Earth is acceſſary to their Operations. 

One might be apt to think that his Stomach confounds 
him with the other Animals, ſince they all have a Sto- 
mach, and digeſt as well as he does. But, although Man 
is diſtinguiſhed from them becauſe he was placed on the 
Earth for ſomething elſe than barely to digeſt, yet his very 
Stomach ſerves to evicence his general Dominion. 

The Cormorant, the Plungeon, and the Hern, have a 
Stomach fit to digeſt the Fleſh of Fiſn. But then you will 
always find them ſeeking for their Food upon the Banks of 
Rivers and Lakes. They never were ſeen obſerving, as 
the Dove does, the Departure of the Plowman who has 
juit been ſowing his Ground. The Lion and the Tiger 
have a Stomach fit to digeſt the Fleſh of terreſtrial Ani- 
mals. You would in vain tie them up to the Rack or 
Manger, and reduce them to a few Oats, or to the Grafs 
of your Meadows. The Horſe overlooks the Hen that 
turns up the Straw he treads upon, and never covets the 
tew Grains of Corn which ſhe picks up, as they chance to 
be ſhed from his Mouth. The Cow, which, by the 
Weight of her Foot, ſometimes forces the Worms to come 
out of the Earth, never lays any Snares for the Sparrow 
that comes full Speed up to her, and greedily thruſts his 
Bill into the Ground, to carry off that Prey which he is 
not ſtrong enough to force from its Shelter. The Beaſts 
of Burden, who exhauſt their Strength for our Service, are 
no leſs valuable on account of the Cheapneſs of their 
Food : And in vain ſhould we attempt to reward their La- 
bour by offering them Meats of the moſt exquiſite Taſte, 
which they would turn away from with Difguſt. 

The Animals are then, from the very Diſpoſition of 
their Stomach, tied down to a certain Kind of Food. —. 
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Man is confined to nothing; and as he has on his Tongue 
the D:ſcernment of all the Savours divided among the 
Animals, he has likewiſe in his Stomach the Faculty of 
digeſting whatever is good and nouriſhing. The Air, the 
Water, and the Earth are equally at Work for him, and 
every Year renews a Variety of Foods, many of which are 
known and uſeful, or even acceſſible to none but him. 
The Shad and the >turgeon, which ſeem to ſeek him out, 
in paſſing, as they do, from the Sea inte the Channels of 
Rivers, fear neither the Wolf's Jaw, nor the Hern's Beak. 
And the Oyſter, which by opening offers the Dog an eaſy 
Prey, is nevertheleſs ſheltered from his Inſults, and ex- 
poſes tlie Invader to a dangerous Miſtake. a 

If certain Animals, which are but few, and moſt of 
them but of ſmall Size, as the Dog, the Cat, the Parrot, 
and the Sparrow, can equally live upon the Fruits of Plants, 
and the Fleſh of Animals or Inſects; this is in order to 
procure the Conſumption of the moſt uſeleſs Remnants, 
and to ſet Bounds to the Multiplication of certain Species. 
All theſe Appetites and Structures of Stomachs are Works 
varied according to the Views of a Providence which takes 
in all, which foreſces every individual Inconvenience, and 
knows how to remedy it by wile Precautions. Who will. 
dare to blame that Providence for having made the Life of 
one Species to depend upon the catching of Fiih, that of 
another on the Uſe of the Fleſh of Animals, and that of a 
third Kind on the Pulp of Fruits, or even the Production 
of a ſingle Plant? It would be equal Raſhneſs to criticiſe 
on thoſe Reſerves and Diſtributions, or to find Fault with 
the Univerſality of our Appetites, and to ſtyle the Con- 
tributions, which every Element pays to the Stomach of 
Man, 'Tyranny and u..lawful Uſurpation. 

But Metaphyſicians will cry out, It is a Shame to exag- 
gerate in this Manner a Dominion full of Injuſtice, and 
to inſiſt ſo ſtrongly upon Prerogatives that are uncertain, 
at the ſame Time that you affect in every Reſpect to ex- 
tenuate the nobleſt Privilege of Man, even his Reaſon. 
You will have it confine itſelf to what it can learn from 
Experience and Revelation, the latter of which you even 
look upon as making a Part of common Experience, It 
3s keeping Reaſon in Swaddling-clothes. How can that 
Reaſon acquire any Vigour, ſo long as you keep it im- 

priſoned ? 
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priſoned ? Let us free it from all its Confinements, that it 
may take Wing and ſoar upwards; we ſhall ſoon find it 
capable of every thing. Oh! how happy Men would be, 
if we could but perſuade them to eſpouſe our Notions ! 
At leaſt we may make them bluſh at the Sight of their 
own Exceſſes. The Domain which they aſſume to them- 
ſelves requires a moſt ample Reformatzon. Let us try to 
bring this about by wiſe Regulations. We do not pretend: 
to reduce Man all at once to too ſevere an Abſtinence. 
We will be contented at firſt with demanding one ſingle 
Point; for Inſtance, wwe ſhall make it a Law to him never 
to teuch any Kind of Fiſh whatſoever, 

This firit Regulation is made with more Zeal than Know- 
ledge. The Fiſhes we are ſpeaking of do not find their 
Food in the deepeſt Waters, nor in the moſt rapid Streams. 
The greateſt Part of them live upon Butterflies, which fall 
at certain Times into their Abodes, or upon Gnats that 
chuſe to live near Waters, in order to lay their Eggs on 
them; or they feed upon thoſe ſmall Worms and innume- 
rable Inſects that ſwarm, for the Service of Fiſhes in the 
Mire, along the Sea-coaſts, in Creeks, under the Projec- 
tions of the Roots of Trees, or of Rocks, in every Out-let 
and Ditch, and generally in all Places where Water ſtag- 
nates, or is almoſt ſtanding. The watery Inſects diſperſe 
throughout theſe Retreats, where Fiſhes come to ſeek for 
them. But ſince the publiſhing of the Law that forbids , 
the catching of Fiſh, thoſe Creatures multiplied fo prodi- 
giouſly, that the ſhallow Places where they reſort, far from 
affording them the Quantity of Food they ſtand in Need 
of, can neither contain, nor even cover them. 'Theſe 
Waters, when diminiſhed by the Return of the Heat, 
leaves whole Heaps of Fiſh on the dry Ground ; and their 
Fruitfulneſs becomes peſtilential and fatal to us. 

Men muſt remedy this as well as they can; they muſt 
fly from the infeted Places: But Injuſtice ought not to 
be a Means of making them live eaſier. Let us go on 
with our Reformation, according to the Notions of the 
all-wife Pythagoras, and the Brachmans his Diſciples, Let 
us do nothing by Halves, and to the Law that forbids the 
eating of Fiſh, let us add another, to prohibit, without 
any Mercy, the Uſe of whatever proceeds from terreſtrial 
Animals. 
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Fleeces ſhall, for the future, clothe no other Creature 
but the Sheep they belong to. The Milk of the Cow 
ſhall not be eaten but by her little One. he Egg of the 
Hen ſhall not be taken trom her. Man ſhall leave Slaughs 
ter and Blood to the Lion. It behoves the Animal en- 
dowed with Reaſon never to touch the Skin, or invade 
the Liberty of thoſe that have not an equal Reaſon to de- 
fend themſelves from him. Flax and Cotton ſhall ſuffice 
to ſupply him with Clothes. Let him tye a Piece of 
Board under his Feet, to preſerve them from Hurt. If 
he is moderate enough to confine himſelf to the Uſe of 
Plants, he will have what Food, Lodging, and Clothes 
he Rands in need of. . 

Let us now ſee the Conſequences and Effects of this pre- 
tended Reformation. We obſerve in the voracious Species 
of Animals, ſuch as the Wolf and the Bull-Dog, a Singu- 
larity not void of a Deſign on the Part of the Creator. 
The Male is angry at the Fruittulaefs of his Female; and 
foreſeeing, as it were that this Teemingneſs threatens him 
with many a dreadtul Rival, he endeavours ts rob his Fe- 
male of her Whelps, and then tears them to Pieces. We 
ſhall find the Fecundity of Birds of Prey ſtill more limited, 
both from the Difficulty of ſupplying their Young with 
Food, and from the perpetual Dangers with which their 
warlike Manner of living is attended. Providence hin- 
ders the dreadful Species, though uſeful in ſame Reſpects, 
from becoming hurtful by an exceſtve Multiplication. 
Nothing, on the contrary, more fruitful than er 
tame Animals. The Hen, the Dove, the Goat, the Ewe, 
and many others, but, in particular, thoſe whoſe Fleſh is 
good and palatable, are eaſily fed and brought up. 

The Animal, which 1s fit to nouriſh none but working 
Country-people, may bring forth twelve or thirteen young 
Ones at a time, and make us the ſame Preſent thrice in 
one Year, Now if domeſtick Animals multiplied ſo much 
when they were killed freely and every Day, what muſt 
become of them for the future? Ever fince the Publica- 
tion of the Law that debars us of cating the Fleſh of Ani- 
mals, or of uſing them as our Property; they no longer 
know the Bridle, the Hook, or any other Kule. The 
Fields, now open to them, are quite full and overcharged 
with them, Our Crops and Fruits are more theirs than 

Ours. 


\F \ _— wa 7 


WW wv XX 383 Fas = 5 at, 


a” ww — 9 


w woe þ = 4 | 


The Excellence of Man's Body. 41 


ours. The Ewe, incredible! becomes our moſt dangerous 
Enemy: She ſcorns the Graſs of the Fieids, and as long as 
ſhe can find any Ears of Corn, ſhe pretends to enjoy the 
Advantages of the fine Seaſon, and all the Sweets of her 
13 Nay, we muſt not even flattcr ourſelves 
with being able much longer even to ſhare them with her, 
Being now deſtitute of all Power over the Liberty and Life 
of Animals, and reduced to the Service our Arms can do 
us, we can no longer take their Clothes from them, nor 
rocure any to ourſelves, nor even cultivate our Grounds. 
he latter are as much their Patrimony as our own. What 
Title could authorize us to appropriate them to ourſelves ? 
The deſerted Countries are now covered with Briars and 
Brambles Anarchy and Confuſion render the Earth a 
frightful Habitation : All is void of Rule and Culture up-. 
on it: There is no enjoying any thing there with Security, 
becauſe every thing has bcen rendered common: And in 
Conſequence of this ney; Reformation, Man is ſufficiently 
happy if he can prudently ſupport himſelf by ſharing with 

the Swine the Maſtage of the Foreſt. 
If then Man does not feed merely on Bread and Acorns, 
but alſo upon every good Thing God has created; he does 
not do 1t becauſe he has uſurped any thing, but becauſe 
God has indeed given every thing to him. God is the 
Author of the Privileges as well as of the Wants of Man; 
as well of thoſe Things that would have attended his In- 
nocence, 2s thoſe that are the Punithment of his Crimes, 
He ſends him hither with Hunger and Thirſt, with Pan- 
gers and Diſeaſes, and deſtitute of Clothes and Weapons: 
Theſe are all his Wants. But he gave him Senſes, that he 
might quickly diſcern what is good, without even conſult- 
ing his Reaſon. He gave him Hands, that he might lay 
hold of and faſhion whatever can nouriſh, cure, or defend 
him; he gave him a Stomach capable of digeſting the 
Foods tried by his Palate. Thus, totally naked and deſti- 
tute, Man was provided with every thing by the Creator. 
God has ſhewed him the Proportion he had eftabliſhed 
between his Organs and all that ſurrounds him : He has 
determined him, by Neceſhties of every Kind, to the 
Exerciſe of his Faculties. He has therefore appointed 
him full Poſſeſſor of the Earth; and it is his Dominion 
alone that can maintain in it the Order which _— 
v ould 
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would infallibly overthrow. But, we ſhall ſee in its pro. 
per Place, that God, at the fame Time that he raiſed 
Man to the Glory of reſembling him by ſo honourable a 
Seignory, has moderated the Ule of his Faculties by 
means of his Conſcience. 'The ſame Experience that 
made Man ſenſible of his being upon Earth to poſlefs it, 
has informed him that he ſhares this Lordſhip in common 
with other Men : That he cannot even enjoy it without 
their Aſſiſtance, and that they have all of them the ſame 
Privileges as himſelf, ſince they are equally the yas, of 
that Being which governs all, and are equally endowed 
with Underſtanding and Power. 

It is indiſputably evident, that as the Lion, from viewing 
his own Claws, is acquainted with his Power, and is ſtop- 
ped or reſtrained by no Law whatſoever ; Man likewiſe, 
by the Knowledge of his own Faculties, and his own Con- 
ſciouſneſs, knows what his Privileges and his Obligations 
are. He cannot poſſibly be ignorant of them. It is equal- 
ly true, that as the Power of the Lion 1s confined to ter- 
reſtrial Animals, becauſe God has ſhut up all the Avenues 
of the Air, and the watery Main from him ; the Power 
of Man extends to the Birds and Fiſhes, becauſe God per- 
mits his Hand to reach them. Let us fay all in a Word. 
'The Power of Man is as extenſive as his Faculties and 
his Abode. Therefore his Domain is univerſal, and it 
never degenerates into Barbarity, but where the Contempt 
of his own Conſcience makes him a Monſter inſtead of a 
Man. Thus we ſee the perfect Agreement of Experience 
and Reaſon with the Scripture. 

Reaſon goes aſtray on no other Account, but becauſe it 
will either go firſt, or even walk alone. Whence it hap- 
pens that the Indian Philoſopher has a Reſpect for the 
Blood of a Fly, while the Bra/ilian drinks up that of his 
Fellow-creature. 

But if Revelation is not heard among theſe Nations, 
Experience and their own Conſcience ſpeak to them at 
leaſt, Both inform them, that Man was made to rule over 
the Earth, but that all his Fellow. creatures ſhare the ſame 
Dominion with him; whereas the Animals are ſo many 
Inſtruments and Proviſions which God animates and mul- 
tiplies for our Uſe, and which would throw every thing 
into a general Coutuſion, if we might not lay our Hands 

upon 
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upon them. The Voice of Experience, and of our Con- 


{cience, has then taught us at all Times, that the Virtue 
of Man does not conſiſt in abſtaining from every Thing, 
notwithſtanding his being ſenſible of his own Privileges 3 
but in making Uſe of every Thing with Moderation and 
uſtice. | 
It muſt be confeſſed, however, that notwithſtanding 
the uniform Inſtructions Man every where hears within 
and without himſelf, his Reaſon, blinded by his unruly 
Deſires, and fond of being its own Guide, would, in 
many Things, be given over to Darkneſs and Uncertain- 
ty, to dangerous Delays and fatal Miſtakes, if Divine 
Revelation had not come to his Aſſiſtance. Reaſon is not 
our ſirſt Rule in point of Manners, and in the Uſe of our 
Faculties, any more than in the Determination of reveal- 
ed Jruths. It follows the Rule, but does not make it. 
Its Glory and Tranquility, both in its Conduct and its 
Belief, conſiſts in being ever the Diſciple of Revelation. 
If we had been educated among the Cannibals of Terra 
Firma, or the Man-eaters of Braſil, a long Habit, toge- 
ther with the acceſſary Idea of compleat Power, would. 
make us find a Shadow of Juſtice and Pleaſure in what 
muſt cauſe in other Nations nothing but the molt horrid. 
Loathing, and the total Revolt of their Heart, their Rea- 
ſon, and their whole Being. 

This Inhumanity, the Conſequence of Pride and An- 
ger, ſeems to have been univerſal before the Flood. One 
may judge of the Diſorders that are reigning in a certain 
Age, from the Nature of the Laws which they give Birth 
to. God had given Adam a full Power over the Bleſſings 
of the Earth, and the Animals of the three Elements. 
Cain buſied himſelf about the Culture of Fruits, and 
Abel with feeding of Flocks : Tis likely they both lived 
upon theſe Things, as they both teſtified their Gratitude 
for the ſame, by reſerving for the publick Offering the 
fineſt of Fruits, and the fatteſt Beaſts of the whole Flock. 
This is the Beginning of the Dominion and Adoration 
which have continued ever ſince. 

God, far from giving Noah a Power more extenſive than 
that he had given to Adam, gave him the very ſame Pre- 
N he had granted to the firſt Man, wiz. the free 
Uſe of terreſtrial Animals, of Fiſhes and Fowls ; 5 
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did it with a Reſtriction, When he permitted Noah to uſe 
the Fleſh of Animals, he forbad him, at the ſame Time, 
to eat the Blood of them. What could be the End of this 
Rejerve? It aimed at ſtopping that Spirit of Revenge and 
Ambition that feed with Delight upon the Blood of a con- 
qucred Enemy : An execrable Cuſtom ! that was always 
renewed m Places removed from the Body of Society. In 
ſhort, there was no ſurer Precaution to render the Blood of 
Man reſpectable, than a Law that cauſed the Blood of 
Beaſts themſelves to be reſpected. In the univerſal Depra- 
vation which Idolatry had introduced into the World, the 
ſame Law was perpetuated in the Nation which inherited 
the Promiſes. Before the Grace of our Saviour came to 
reform the human Heart, the Law required, above all 
Things, an Abſtinence from Blood, becauſe the Virtue of 
theſe tranſitory and altogether cautioiary Laws, conſiſted 
in containing Families within the Pounds at leaſt of the 
outward Worſhip of the true God, by deterring them from 
Vengeance, Inhumanity, and enormous Crimes, 

But if a uſeful Polity was at leaſt procured by that means, 
why then has the Goſpel, the moſt perfect of all Doctrines, 
zbrogated fo wiſe a Law ? It is becauſe Prohibitions and 
Precautions are perfectly needleſs to hinder the CHriſtian 
from feeding upon the Blood of his Fellow-creatures, ſince 
he is taught in the School of Grace, not only to love his 
Fellow-creature, but alſo his Priſoner and his Enemy. 
Nothing 1s more ſecure than what we love, and that ſingle 
Article ſhews us, that the Law of Noah, that of Meo/es, 
and that of Jeſus Chriſt, are the Work of a Wiſdom 
which takes in all Ages without Exception. 

5. The Stomach of Man is not the only 

The Mouth, Part of his Body that ſeems, by its Func- 

tions, to have a near Affinity with that of 

the Animals, at the fame Time that it has a Degree of 

Excellence that raiſes it much above them. It is the ſame 

with the other Organs of Man. Let us, in the handling 

of ſo fruitful a Subject, be contented with the firſt Re- 

flexions which the Structure and Operations of his Mouth 
naturally raiſe in our Minds. 

What a Combination of various Cautions and Opera- 
tions is it! Vaſt Praiſes have been beſtowed on Torricellius, 
Paſchal, Guerric, and Beyle, for having obſerved the over- 

powering 
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powering Preſſure of the external Air upon what does not 


contain any other Air or Fluids capable of reſiſting that 
Preſſure. "They are looked upon as the Fathers of modern 
Phyſics ; becauſe they have led us through Experience to 
many Truths never perceived before, and fruitful in Con- 
lequences, by either inventing or improving ſuch Machines 
as (by the Subſtraction of the Air contained in them) pre- 
ſently evidence the full Force of the ambient Air, deſtitute 
of a Counterpoiſe. What theſe great Men have executed 
with ſo many Praiſes on our Part, is ſtill more wonderfully 
effected by the Lips of a new-born lufant. They apply 
themſelves to the Breaſt of the Mother, without ſuffering 
any Air to enter into the Mouth. The Lungs attract to 
themſelves the Air that was contained in the Mouth. The 
Tongue, by its Contraction, occaſions a Vacuum which 
is not filled by any new Air. The Air, which from the 
whole Height of the Atmoſphere does then exert its Preſ- 
{ure upon the Nurſe's Breaſt, finds no Reſiſtance in the 


Orifices of the Nipple ſurrounded by the Lips; fo that the 


Milk muſt needs be forced out of the Breaſt, and ruſh 
into the Mouth of the Infant. Very often his little Hands 
will, without any foregoing Inſtruction, ſecond the Action 
of the Air, and haſten the Aſſiſtance. 

As the Lips are the Rampart of the Gums, the latter 
are the Fence of the 'Tongue and of the Roof of the 
Mouth. "The Gums are a Couple of true Bulwarks ſhel- 
ving at the Foot, and rounded into two Platforms making 
a Semicitcle, not only to form an exact Incloſure round 
the Tongue, but alſo to ſerve as a Baſis to the two Rows of 
Teeth, which have their Roots very deep in them, and 
tiere diſperſe a Multitude of ſmall Veſſels through which 
the Teeth receive their Life and Nouriſkment, 

Theſe Inſtruments, chieily appointed to grind 
and diſſolve, are of a bony Subſtance, and per- The Teeth, 
tectly hard. But as the Function of theſe Bones | 
is important, and their Work inceſſantly repeated; they 
have been covered over with an Enamel harder ſtill, which 
imbelliſhes the Mouth by its Whiteneſs, and preſerves 


thoſe precious Tools from the Friction of maſſy Foods, 


and the Inſinuation of penetrating Liquors. | 

The inciſory Teeth fill the forepart of the The eight In- 
Mouth, and are Four or rather Eight in %“. 
| Num- 
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Number, ſince there is a double Row of them, on Account 
of the double JW. They are thinner at the End like a 
Wedge, and as ſharp as Knives, that they may bring to a 
convenient Shape the Quantity of Food which the Mouth 
can contain and diſpatch. 

Thetwo Canine Teeth which accompany 
the four Inciſores, one on the Left, the other 
on the Right, are rounded longer than the 
reſt, and end in a Point, that they may 
break and cut up what is fibrous and capable of Reſiſtance, 

All the Teeth that come next, and are to- 
gether, ſometimes Sixteen, but more com- 
monly Eighteenor Twenty in Number, have 
a ſquare Surface that grows wider and wider, 
as the Tooth is deeper in the Mouth. They are called 
Mclares or Grinders ; becauſe when the Upper-teeth apply 
their Surface againſt that of the inferior ones, they viſibly 
appear to be appointed to grind. The Effect of this Dii- 

oſition is to render the Trituration finer in Proportion as 
the Meats advance under wider Grinders, and draw near 
the Point at which both Jaws being united, have, on that 
Account, the ſtrongeſt Action. 

The Incifores, which offer firſt, cut out what ſhall be 
the Taſk of the others. The Canine break through every 
thing, and faſhio: the Work. The Grinders pulverize 
the whole, and by a ſufficient Maſtication completely ſpare 
the Stomach the Overplus of the Work it muſt have with 
Pieces barely quartered. 

All theſe Pieces, though totally void of Tntelligence, 
yet do nothing blindly, but, on the contrary, unanimouſly 
work for the ſame Purpoſe, What can be the Wiſdom 
that guides them? Is it that of Man? But he is com- 
monly ſerved without knowing the Artifice of this Prepa- 
ration; and the Underſtanding of the moſt ſkilful Anato- 
miſt has no manner of Share in it. Here, as well as in 
any other Caſe, the Goodneſs of the Inſtrument is a great 
Relief to human Reaſon: But the Superiority of the lat- 
ter is ſtill maintained, ſince it was left to its Sagacity to 
try and improve every Thing by Coction, by proper Mix- 
tures, and a jaſt Seaſoning. 8. 

The Tongue is not a Muſcle, but an amazing Aſſem- 
blage of various Muſcles joincd together, It may in an 

| Inſtant, 


The Two Ca- 
nine Teeth. 


The Twenty 
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Inſtant, and without any-other Preparation than the bare 
Deſire or Intention of the Perſon that uſes it, ſucceſſivel 
lengthen, ſhorten, ſwell, grow ſharp, round, flat, or ſtiff; 
it niay bend, turn about a thouſand Ways, and beat now 
againſt the Roof of the Mouth, and now againſt the End 
or the Root of the "Teeth, and make Motions with a Vo- 
lubility in many Reipects ſuperior to that of the Tongue 
of the Og; | 8 

It is bordered, eſpecially about its Root, 
with Glands full of a Water ſomewhat ſalt The Salivary 
and ſaponacecus, which being ſqueezed out Glands, 
of them by the Motions of the Tongue and 
Jaws, runs into the Mouth at Work, and helps on the 
Deglutition. 

At the very Root of the Tongue begin a Couple of Pipes 
laying one above the other, called the Oeſophagus, and 
the Trachea. The firit of theſe Ducts takes in the Drinks 
and Foods, and conveys them into the Stomach; the other, 
which is more internal, as it lies under the Oeſophagus, 
conveys the Air into the Lungs in In piration, and conveys 
it back in Expiration, As ſoon as any thing but Air en- 
ters 1ato the '1'rachea, either coming from without, or by 
ExpeCtoration, it experiences an immediate Tremor which 
ſhakes all the cartilaginous Rings it is compoſed of; and 
then it makes an Effort to free itſelf from that ſtrange Body 
bya Convulſion which is called Coughing. One can hard- 
ly conceive, that notwithſtanding the Danger of letting the 
leaſt Body whatſoever fall into the Trachea, the Creator 
has neverthelels placed above the very Oriſice of that Ca- 
nal the Mouth of the Pipe through which all our Victuals 
and Foods are to he conveyed in o the Stomach. But, by 
an Artifice, the Boldneſs whereof is worthy of the great 
Author of all Mechanics, there happens to be at Top of 
the Trachea a ſmall Draw-bridge that riſes for the paſſing 
of the Air in and out of the Body, and is let down fo as 
to ſhut exactly the Orifice of the Canal at the very Inſtant 
that the minuteſt Particle of eitheir Solid or Fluid offers at 
the Oeſophagus. What conſtitutes the chief Beauty of this 
Precaution, is, that the leaſt Quantity of Food imaginable 
preſſes, in its going down, the Nerves of the lower Part 
of the Tongue, whoſe Action is always followed by the 
Bridge being let down upon the 'Trachea, before the Food 
or Drink can reach it, But 
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But theſe Wonders, which no one can have ſo much as 
a Hint of without being amazed at them, are as much 
multiplied throughout the human Body, as the very Or- 
gans of it are, that is, altogether innumerable. The Ana- 
tomiſts obſerve them to the beſt of their Power, they aſſign 
Names to them, they know the Action of thoſe that are 


moſt perceptible, aad diſpute upon the Uſe of the reſt, 


but they at the ſame Time confeſs that the Structure of all 
1s, to any ſtrict Enquirer, an Abyſs that ſwallows up both 
our Eyes and our Reaſon. 

However, if this Structure, which has a great Affinity 
with that of the Body of the Animal, was perfe&ly un- 
folded to us, we ſhould not, however, make it our Topick 
here; as the Plan we have laid for our Rule is to eſtabliſh 
a Reſemblance of God in Man. In what then does the 
Mouth of Man ſhew him to be appointed to prefide over 
every Thing on the Earth? 

The human Voice, which we have not 
The Voice. yet mentioned, ſ{cenis to be but little fit to 
| promote our Deſign, ſince the Animals have 
a Voice as we!l as Man, and one cannot aſcribe a Mouth 
or, Voice to God, otherwiſe than in a figurative Senſe. 
*'T15 true, the Birds, the terreitrial Animals, and many 
Inſects have a Voice, Cries, Hiſſings, or Hummings, which 
they make Uſe of to inform one another, and which they 
vary to expreſs their Anger or Content, their Alarms, or 
the Acquiiition of what they like But the Variations of 
their Voices are as much confined as their Concerns and 
Relations. Speech, on the contrary, puts an immenſe Di- 
ſtance between Man and the Animals, There is nothing 
in Nature but what the human Voice can expreſs by ſo 
many Articulations or Inflexions. Man ſpeaks of every 
thing, becauſe there is nothing that is not, in ſome Re- 
ſpects, ſubmitted to his Judgment or Authority. Speech, 
wich extends to all the Objects in the Univerſe, and their 
ſeveral Uſes, does then declare the Extent of the Preroga- 
tives and Rights of Man: And it not only places the Ani- 
mals very much under him, but even makes him the ſole 
Images of God upon the Earth. | 

The Merit of Speech does not conſiſt in Noiſe, but in 
an Univerſality of Signification, Man can expreſs his 
Thoughts very variouſly. Philo&etes, when he _—_ 

wit 
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with his Foot the Place where the Arrows of Hercules lay, 
doubtleſs was unfaithful to his Friend, fince he had promiſed 
him never to tell where he had depoſited them. Now, if 
making one's ſelf underſtood is the ſame Thing as ſpeak- 
ing, we may of courſe ſpeak with the Foot, the Eye, or 
the Hand. A Man who ſeems tranſported. with Joy, or 
overwhelmed with Grief, has already told us many Things 
before he opens his Mouth. His Eyes, his Features, his 
Geſture, his whole Countenance correſpond with his Mind, 
and make it very well underſtood. He ſpeaks from Head 
to Foot: All his motions are ſignificant : His expreſſions 
are as infinite as his Thoughts, and we have ſufflciently | 
obſerved in another Place, that his Signals, his Tokens, [ 
Writing, and various Monuments, extend to all Places, 
and deliver down his Intentions to remoteſt Poſterity. But 
his Voice takes the Place of theſe Signs wheneverhe pleaſes : 
And it 1s not only equivalent to them, but even ſufficient 
alone to give to underſtand very diſtinctly what they can- 
not expreſs when combined together. It is the moſt pli- 
ant of all Inſtruments, and the prodigious Variety of the 
Sounds, with which it ſtrikes the Ear, makes it the moſt 
convenient Means to form a Series of S1g:s, and connect 
a Series of Thoughts with them. The Monuments of the 
Birth of a Child, that was appointed to be the Lord and 
Saviour of Mankind, may from Age to Age fill up the 
Thoughts of Minds intent upon diſtinguiſhing their Mean- 4: 
ing and Purport. But a Miniſter of the Goſpel, who is at 
tie Head of four thouſand Pariſhoners, may, all at once, 
and by the fingle Motion of his Mouth and Lips, collect 
in their Minds the ſeveral Proofs of that Birth, and there 
awaken all the Sentiments it naturally inſpires us with. 
He at once tranſports his four thouſand Auditors near 
eighteen Centuries higher back than the Moment in which 
he ſpeaks. They are now going to be one Company with 
the Prophets, the Angels, the Shepherds, and the Magi. 
All of them are moved, or at leaſt acquainted with the 
Excellence of their Vocat on. Such is the Power granted 
to one Man, to one fingle Tongue. It has the Privilege 
of fixing the Attention, and working upon the Hearts of 
the Multitude, of turning their Thoughts upon God and 
his Works, upon paſt and future Things, upon their own 
i Conduct, and their true Intereſt and Concerns. 

Vor. V. D 5 Man 
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Man makes himſelf underſtood in a thouſand different 
Ways, and Speech was ſuperadded to all theſe Signs, that 
he ſhould not want any Means of explaining himſelf clear- 
ly. But in this Privilege, which Man alone enjoys, of com- 
raunicating his Thoughts to all about him, to thoſe who 
are at a Diſtance from, and thoſe who ſhall come after 
him, who but muſt diſcover the ſole Image and Repreſen- 
tative of God upon Earth! God does in reality ſpeak 
throughout all Nature, nor was it made for any other Pur- 
poſe but to declare his Intentions. We ſhould in vain ſay 
to a Man, th:.t we intend to do him Good, if we did not 
fulſil our Promiſes ; but when we do him a piece of Ser- 
vice on an urgent Occaſion, that Service ſpeaks for itſelf : 
Our Friendſhip is truly eloquent, and the Man is fully ſen- 
fible of our Love to him, without the Aſſiſtance and In- 
terpretation of Compliments, and verbal Proteſtations. 
All that we have already obſerved of the Spectacle of Na- 
zure, and all the other Things ſtill to be ſubjoined to it, 
are nothing but a Series of Bounties, an inſtructive Order, 
a Chain ot everlaſting Teſtimonies and Monuments of this 
great Truth. All Nature is then the Voice of God, and 
the Expreſſion of bis Will. Who has not heard the Voice 
ct the Heavens ? In what Place does not God ſpeak to all 
Mankind, and to every one in particular? He addreſſes 
himſelf to the moſt wicked, and declares his tender Love 
for him, by letting his Sun riſe upon him as well as upon 
the good Man, and by making him Copartner of the Juſt 
in the free Uſe of his Favours. Wiſdom cries aloud ; its 
Voice is diſtinctly heard in the Silence of Retreat, as well 
as in the Aſſemblies of the People, who mutually commu- 
nicate its Gifts and Inſtructions to each other. It is heard 
upon the Mountains, which it covers with uſeful Foreits 
for our ſake; and in the plains, where it yearly renews 
thoſe Crops and Harveſts by which we are fed. Itis heard 
upon the Waters, through which it has opened us a Way, 
and in the Bowels of the Earth, where it prepares for us 
Scones, Slates, Metals, and all the Matters that are fit ei- 
ther to cover or ſupply us with Furniture. Man is then 
the Image, and the ſole Image of God on the Earth, ſince 
he is the only Creature on it, that can judge of and expreſs 
his Mind concerning every thing. 


Here 
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Here is another Particular that ſets off the Excellence 
of Speech. In the Silence and Quiet of the Night, which 
aſſiſts me in comparing the Univerſality of the human 
Speech, with the Univerſality of the Language of God, 
my Ear is ſuddenly ſtruck with delightful 
Sounds : I hear a grand Chorus of ſolitary Singing, 

Men ſinging in my Neighbourhood“. The 

Signal that calls them together is hardly over, but a loud 
ſonorous Voice addreſſes them in the following words : 
O come, let us ſing unto the Lord, let us make a joy- 
« ful Noiſe to the Rock of our Salvation.” The Chorus 
anſwers this Invitation; the Voice begins again, and I 
hear them ſinging on by Turns in the ſame Strain, 

Two new Advaatages offer here at once, both of which 
can give a ſtill greater Splendor to the Merit of the hu- 
man Voice; the firſt is the Prerogative of ſpeaking to God 
himſelf, and the other that of adding the Sweetneſs of Me- 
lody to the Uſefulneſs of the Signification. | 

This might, perhaps, ſeem the propereſt Time for us to 
point out what Share the Body takes, by means of Speech, 
and by the Unlon of many Voices, in the Worſhip which 
Man 1s bound to pay to God, both for himſelf and in the 
Name of all his Fellow- creatures. He ſpeaks to God as a 
Friend ſpeaks to a Friend. It is the ſame Confidence; it 
is the very ſame Effuſion of Mind; and God, far from 
taking any Offence at ſuch a Familiarity, is, on the con- 
trary, never offended but at our Silence. But it is much 
better, for the preſent, to lay aſide the immenſe Subject 
of Religion, than to mention one Part of it ſeparately, 
without treating of the reſt. Let us then be contented 
with only 8 in the human Voice, that amazing 
Pliantneſs, which, : fter having ſupplied the Expreſſion of 


all our Wants, ſtill affords a Melody capable of aſſwaging 


our Toils, and of entertaining us in our Solitude. 

In every thing Man alone unites the Prerogatives that 
have been granted but ſingly to any particular Species. 
He poſſeſſes them all, and, by their Re- union, enjoys them 


in a much ſuperior Degree. Birds fly indeed; but Man 


navigates, and this is a great deal more. All Animals 


* The Author has lived a great many Years, and lives ſtill by a 
Convent of Monks, at Paris, 
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tranſport themſelves from one Place to another: Man alone 
enjoys the Privilege of cauſing himſelf to be carried. Se- 
veral Species ſing; but their Singing is ſtupid, or altoge- 
ther void of Signification. The Melody of Man alone is 
an intelligible Language that charms the Ear, that fills 
the Mind, and is heard by God himſelf. 
Next to the ordinary Uſe of Speech, which 
The Charms conſiſts in ſignifying our Wants and Intenti- 
of Singing. ons, it is a great Comfort to us, to be able 
| to procure to ourſelves, by nieans of the ſame 
Voice, the Delights of ſweet Melody. Ihe Attractives of 
it are ſo very great, that the molt perfect Inſtruments, with 
which we ſupport the human Voice, are always inferior 
to it. Some of them are dull, or hardly audible ; others 
are harſh, or ſpeak as it were through the Noſe. Many 
will give none but inſtantaneous, Sounds, without Continu— 
ance. Several of them will afford uninterrupted, but at 
the ſame time inflexible, cold, uniform Sounds. 'T hole, 
which have a very full Sound, are apt to bellow ; thoſe, 
that have it very loud, are either ſhri l or ſqueaking; and 
their Detects can never be concealed but by being drowned 
in a grand Concert, A fine Voice, on the contrary, is a 
continued, pliant, delicate, or rather inchanting Sound. 
It is the fineſt of all Sounds, as well as the ſweeteſt, and 
it is a Pleaſure experienced by the Ear, but not to be ac- 
counted for by Reaſon, that Sound alone has that peculiar 
Merit of being ſuſceptible of all imaginable Tunes and 
moving pathetick Notes. Properly ſpeaking, there is no 
other Sound in Nature that has a Soul in it. 

But, whether you are willing to give a peculiar Attention 
to the noble Harmony which is produced by the Union of 
ſeveral Jones and Voices, or overlooking the Beauty of 
the Agreement of Sounds, and are more particularly af- 
tected by that raviſhing Melody which reſults from the 
Inflections and Judgment, whereby a Song is adapted to 
the Subject, or the Paſſions of the Mind; in both Caſes, 
that Song never ceaſes to be a Language, or elſe it would 
ve unworthy of Man: Now, every Language ought to be 
intelligible, ſince we never ſpeak but to be hes, le 
The Melody aſſumes to itſelf the Turn of the Paſſion and 
Sentiments of the Singer: It is a delicate Imitation of their 
Character: But it ſtill has a ReſpeR for the greateſt Pre- 
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rogative of Man, even that of thinking, and of expreſſing 
his ſeveral Affections. The Sound, which proceeds from a 
lifeleſs Inſtrument, may, as well as the Notes of the Night- 
ingale, amuſe our Ears for a few Moments; but, the Sound, 
produced by the human Voice, ought never to be void of 
Meaning; otherwiſe it degenerates into an Abſurdity. It 
is even that the Meaning of a Song may pleaſe and affect 
more ſtrongly, that we add to it the Symphony of a Series 
of delightful Sounds. If that Mufick is ſo much clogged 
with Ornaments, and runs diviſions with ſo much Swift- 
neſs, that the Meaning of it can no more be underſtood, 
it is no longer what we call the Voice of a Man. It is 
the Noiſe of a Machine combined with many others; and 
in that Caſe you ſee nothing but a Multitude of open 
Mouths, ſhining Teeth, and quavering Lips, very buſy 
about telling you nothing. | 


Man conſider'd as Govrrno ; 
Proved from the Excellence of his Senſes. 
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T is the Buſineſs of the Anatomiſt, learnedly to demon- 
ſtrate by the Enumeration, Sorting, and Aſſemblage of 
the Organs of the human Body, the Wiſdom of thoſe Pre- 
cautions that facilitate its Action, and aſſiſt it in the exert- 
ing its Superiority over all the Animals. As for us, we 
ought to be contented with fetching our Proofs from what 
can be offered to every Eye, without any Apparatus or 
Study. Such is, for Inſtance, the Excellence of our Senſes. 
They are the true Miniſters of our Knowledge and Sciences, 
and it will not be improper to enquire into the exact Value 
of them, eſpecially after the many Efforts made by the 
Moderns to diſcredit them. 
God, whether he is willing to lead us to Salvation, or 
communicate to us the Knowledge and Uſe of created 
D 3 Things, 
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Things, always inſtructs our Reaſon by the Mediation of the 
Senſes. But the Philoſophers cry out: Never liſten to your 
Senſes; but to Reaſon, and Reaſon alone. That will teach 
you every Thing; which will lay all Nature, and the very 
Order of the divine Decrees, open before your Eyes. 
Theſe Promiſes are frivolous; and whenever the Philo- 
ſophers have attempted to proceed in this Manner, which 
is not that of God, they never brought us to any Know- 
ledge that was either ſufficient or ſatisfattory. A Reaſon 


that will walk alone, and never takes any but metaphy- 


ſical Steps, is a Reaſon either actually wandering, or ready 
to go aſtray ; Whereas it advances from Truth to Truth, 
and bears a moſt real Sway over all the Earth, when, ac- 
cording to the Inſtitution of the Creator, it walks in Com- 
pany with all its Senſes, and informs itſelf, through their 
Miniſtry, of what it can afterwards either govern or im- 
prove by Means of its Diſcernment. 

Aſk a Man born blind, what Colours muſt ſhine in the 
Heavens when he turns his Back to the ſetting Sun, and a 
few Drops of Rain are falling on the oppoſite Side, Such 
a Man, though never ſo judicious, is a perfect Stranger to 
Light and Colour: He underſtands neither the Refraction 
nor the Neceſſity of the Return of certain Rays into his 
Eyes. Nor will he tell you of the Iris, but what he 
knows of it on the "Teſtimony of his Ears. But the Ear, 
being not appointed or framed to judge of Colours ; his 
Reaſon remains helpleſs in that Reſpect; and, whatever it 
may pretend to conceive of the Beauty of the Rain-bow, 
will be little better than a Dream. 

Preſent to De/cartes a Pine Apple freſhly cut off from 
the Stalk, and perfectly ripe. Deſire him to examine the 
inward Frame of that Fruit which 1s but juſt begun to be 
cultivated in Eurepe, and from that bare Inſpection to tell 
you what the Taſte of it muſt be. We have a Right to 
demand every Thing from a Reaſon like his, which com- 
prehends and accounts for every Thing. This Reaſon was 
ſtrong enough to fetch out of the Idea of homogeneous 
Matter, primitively put in Motion, the Generation of the 
World, and the true Structure of the Planets and Stars: It 
has ſeen Man, the Animals, and all hving Creatures, di- 
ſtinctly proceed from the ſame Matter; and its knowing 
the Cauſe in the moſt diſtin Manner, argues the N ** 
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fity of its knowing likewiſe the Structure of the Animals 
and Plants, which are only the Effects of that Cauſe. It 
will then be an eaſy Matter for Deſcartes to determine the 
Mechaniſm of the Germen of this Ananas, and to tell us 
before-hand what peculiar Taſte and Qualities it muſt needs 
have. No, Deſcartes will never find out that Savour 1n 
his Reaſon, nor even in the Concurrence of the Elements 
and Veſſels of the Fruit itſelf, after having analyſed and 
diſſected it: His Palate alone can and will let him into 
that Secret. But, if his Reaſon proves altogether helpleſs, 
when from the Structure of a Body which he ſees and diſ- 
ſects at his Pleaſure, he is to deduce the Neceſſity of ſuch 
and ſuch a Taſte; what muſt his Attempt be, When he 
preſumes to recount the Generation of the Sun, and to tell 
us, the Sun is this or that, and nothing more? He in- 
deed knows much lets of it than he does of our Ananas. 
The Newtonians, who, like Vhiſton and others, have 
attempted to conſtruct the Planets, and by Attractions and 
Calculations, to account for whatever paſſed in them ; do 
not give us a better Idea of their Phyſics, ſince they are 
equally at a Loſs, and ſtopt ſhort by as inſignificant a Sub- 
ject as the Savour of an Ananas they never taſted of. 
Sthall, Beker, and all the Chemiſts, may, with their 
Diſſolvents, find more Oil, more Salt, more Earth, or 


more of certain Principles in the Ananas than in another 


Fruit, and they will be ſtill indebted to the Eye and Hand 
for that Diſcovery : But they never will arrive, any more 
than we, at finding out the Taſte of that Fruit, otherwiſe 
than by having Recourſe to the Senſe appointed to judge 
of it. The Inſpection of the Reſidues remaining after the 
Analyſis gives the Chemiſt no manner of Right to foretell 
whether that Fruit will be wholeſome or hurtful. Expe- 
rience, as it has often been the Caſe, might contradict the 
Prophecy; there being Spirits, and other Principles, which 
are either carried away or altered by the Fire, and in the 
egg or Union of which conſiſts the Goodneſs of the 
ruit. 

Here is now a Set of Naturaliſts that go to work in a 
quite different Manner, in order to arrive all at once at 
what can be found out of the real Value of the Ananas. 
They ſcorn to throw away their Time, in recurring to Ge- 
neralities imagined by Reaſon, and which never caſt the 


4 leaſt 


to Reaſon, the Words of that Member of the Academy, 
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leaſt Light upon any particular Caſe whatever. They firſt 


put the Fruit in their Mouth, which 1s immediately over- 
tlowed with a delicate Syrup, and 1s a great while after 
ſtill affected with a Perfume which embalms it. They 
then preſume ſo far as to gueſs that this Fruit will be 
wholeſome, and the Prediction is juſtiſied by Experience. 
It is then the Province of our Taſte, primitively to tell us, 
in Conjunction with Experience, whether a Fruit, hither- 
to unknown to us, will, or will not be a wholeſome and 
pleaſant Food. This is the right Philoſophy. 

It is the ſame with any other natural Body. Let that 
of our Senſes, to which it may have a Relation, be what 
it will, we ſhall judge of it by that Senſe. Our Reaſon 
cannot paſs any Judgment upon it without 'Temerity ; the 
more ſo, becauſe after having informed itſelf of that Body 
by its Senſes, it cannot give the leaſt Hint concerning it, 
to ſuch as are either deſtitute of the Organs proper to that 
Kind of Piſcernment, or not placed within the Sphere of 
Activity of their Senſes. 

We might, inſtead of one Example, alledge ten thou- 
ſand, which will equally demonſtrate that human Reafon 
ventures a great deal in attempting to walk by itſelf, and 
behaves very prudently, on the contrary, and anſwerably 
to its Condition, when it waits for and colle&s the ſeveral 
Advices of its Senſes, which are the Inſtruments of a con- 
ſtant and univerſal Inſtruction to it. 

Let us take Care, however, not to run headlong into 
Miſtakes here, by enſlaving our Reaſon. For if it can 
make Diſcoveries without the Aſſiſtance of the Senſes, is 
it not juſt to aſſign a certain Province for Reaſon, and a 
peculiar Diſtrict for our Senſes? Do we not diſparage 
that ſublime and penetrating Reaſon, by making the Cer- 
tainty of the greater Part of its uſual Learning to depend 
upon the Teſtimony and Experience of its Senſes? If 
they had been given us to inſtruct our Reaſon, and enable 
it to act, would they be ſo imperfect as they are? We 
know no more than the Outſides of Objects by means of 
our Senſes: And when we enquire into the Principles of 
Bodies, or the Structure of the ſmall Veſſels, or the Action 
of the minuteſt Organ, theſe Things prove altogether in- 
acceſſible to our Senſes, We muſt repute as an Inſult done 


wha 
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who ſaid, that the Anatomiſts, and even the Philoſopher:, 
reſemble our Hackney-coachmen, who traverſe backwards 
and forwards, and call all the Streets of Paris by their re- 
ſpective Names, but never enter into the Huutes. This 
Sarcaſm is exactly true, when you 1p:at of a Philoſopher, 
who thinks that his Knowledge ends where his Senſes have 
no longer any thing to teach him. But let us leave ſuch 
an abjed Method to vulgar Souls. Ts it not the Province 
of Reaſon, when our Senſes fail us, to ſupply and unfold 
the reſt? Nay, was it not in order to oblige it to walk 
without a Guide, that Senſes were given to it, in a Degree 
much leſs perfect, than to a great many Animals? A Bird 
diſcovers upon the Earth Seeds that are imperceptible to 
our Eyes. What is it that can be compared, in Point of 
Sharpneſs, to the ſmelling of the Dog and the Birds of 
prey? Do not the two Cornets, that ſtand up an End over 
the Head of the Cat, render his Hearing ſenſible of the 
{malleſt Mouſe ? Why then ſhould we raiſe the Dignity of 
Man on Account of his Senſes, in which he is interior to 
the Animals, inſtead of deriving his Glory from the pure- 
ly intellectual Philoſophy, in point of which te is ſuperior 
to all? This is the Cant which People are never tired 
with repeating. 

Men may reverence the purely intellectual Philoſophy 
as much as they pleaſe. But as we are here making the 
Elogium of Man, we think it our Duty, to draw the Mat- 
ter of it from real Advantages, rather than from fine 
Dreams, and Syſtems independent of the Senſes. We 
take Man as he is, and we find that the real Progreſſes of 
his'Reaſon are owing to the right Uſe it makes of its 
Senſes. I own that you will find among Animals a few 
Senſations of a Sharpneſs ſuperior to what we experience. 
But the Animals hardly excel us in more than in one 
Point, which is their peculiar Share of Perfection. An 
exquiſite Smell is the Property of the Terrier, who creeps 
thro? dark Places, and under Briars and Brambles ; and 
a ſharp piercing Sight the Property of the Grey-hound, 
who uſes it upon the Plain. Whereas Man may, by 
the re- union of his Senſes, be. informed of what concerns 
him all over the Earth, and of what God has done for 
him in paſt Ages. 
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Place a Horſe between two Parcels of Hay, or of Oats, 


which our Eyes and Smelling may perhaps judge to be-of 


equal Goodneſs, and he never will miſs the beſt, but will 
conſtantly reject that which is old or impaired. The De- 
licacy of this Diſcernment relates to his peculiar Intereſt. 
But it is the Sum total of his Knowledge: He knows nei- 
ther on what Plain theſe Oats grew, nor what Meadow 
will yield the beſt Hay. He is beſides perfectly inſenſible 
of what has no Relation to his Condition or Way of Liv- 
ing. He takes no Delight in the Smell of exquiſite Meats, 
nor in the Sight of Gold, nor in the Arabian Perfumes: 
Whercas Man tries and gives a Name to every Thing. 
He oftentimes diſtinguiſhes, with the ſlighteſt Glance, the 
Productions of one Province from thoſe of another: And 
you will find in the Collections of Sir Haus Shane and Mr. 
Bonnier de la Maſſon, Samples of the Preſents which Man 
receives from one Pole to the other. After his Senſes have 
informed him of the outward Properties and real Qualities 
of theſe ſeveral Productions, he reaſons upon the Uſe that 
may be made of them : He compares them with ſome 
others, or iinproves the one with the other. He fixes the 
Uſe of them, and by that Means the Effects, he obſerves, 
are ſo many Guides to him toward diſcovering ſome new 
ones. Thus it is that his Senſes and Reaſon, his Phyſics 
and his Poſſeſſions were made to proceed always Hand in 
Hand. Thoſe, who ſeparate them, talk ſometimes very 
loud : But they are no longer in the Order eſtabliſhed by 
the Creator: They promiſe to one Age Diſcovenes that 
are the Ridicule of the next. Their Reaſon evapo- 
rates, and their Poſſeſſions ſlip out of their Hands. Leib- 
nitz, centred in his own Ideas, brings forth Monades, and 
the pre-eſtabliſhed Harmony. Van Helmont promiſes to all 
the World the 'Tranſmutation of Metals, and the univerſal 
Remedy, whereof he has framed an Ideal Syſtem to him- 
ſelf, and then dies without having effected any thing, and 
leaves his Family in a moſt deplorable Condition. De/- 
cartes ſaw in his Reaſon Gold and Iron proceeding from 
the ſame Maſs of homogeneous Matter: Whereas Boer- 
bauwe has ſeen, in a thouſand Experiments, that what is 
no Gold ſhall never become Gold, and that what 1s Mer- 
cury ſhall never ceaſe to be ſuch, 


Altho' 
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Altho' Man is already much indebted to his Senſcs, 
for whatever he can know with any Exactneſs of the 
CEconomy of the Heavens, of the Outſide, and of the 
very Bowels of the Earth: Here is a new Set of Fa- 
vours, which he receives from the ſame Hand, and which 
are equal or even ſuperior to the other Is he not ſolely 
indebted to his Senſes for the Knowledge of all that has 
paſſed on the Earth ever ſince its being inhabited, and for 
ail the agreeable Inſtructions of Hiitory, which are fo well 
adapted to give him Prudence, and improve his Heart? 
His Reaſon may turn to its own Advantage the ſeveral 
Monuments offered it by its Senſes: whereas it finds with- 
in itſelf neither the Dates, nor the Events, nor the Motives 
of them. 

Again, God employs the Miniſtry of the Senſes of Man, 
when he is pleaſed to grant him a 'Freaſure far more pre- 
cious than the bare Knowledge of Facts; I mean the Gift 
of Faith and Obedience to the Goſpel. Reaſon by it- 
ſelf can no more gueſs the Choice of the Means by which 
God has been pleaſed to ſave Man, than it can, by its 
moſt profound Meditations, gueſs at paſt Events, or at 
what is at the Centre of the Earth. But God did not ſuf- 
fer it to be ignorant or even uncertain of what was ſuffi- 


cient for it. The Monuments and ſenſible Teſtimonies of 


what we are to believe or do are ever ſtanding. How 
perplexed Reaſon will be, if it muſt ſuggeſt to itſelf the 
Rule of Faith and Morality ! But how eaſy it will be, on 
the other Hand, if that Rule is already made, if it paſſes 
from one Generation to ancther, and Man needs only have 
Ears to hear it“. 

The Senſes and Organs of Man are ſo exquiſitely match- 
ed, that by their Help, Reaſon keeps a Correſpondence 
with the whole Univerſe ; paſt Things become preſent to 
it; and it may exert its Prudence and Induſtry, upon all 
God has placed on its Abode. What it is its utmoit Con- 
cern to know, as well as what it knows is enough to regu- 
late it, is what it learns from the Senſes. It meets with 
nothing but Miſery and Uncertainty, whenever it centers 
within itſelf. It is conſcious of its being itſelf nothing 
but Darkneſs. It is ſenſible, that far from being entitled 
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to deſpiſe the Teſtimony of its Senſes, its Appointment is 
to make Uſe of them, and that they are the Means granted 
it to arrive at ſome Kind of real Knowledge. It ſhall not 
then frame a Set of Phyſics, or an Hiſtory, or a Religion 
to itſelf: But it will receive them from ſome other Place. 
Tis true, Reaſon obſerves and judges; it operates and go- 
verns : But that is always on Condition that the Senſes 
ſhall never ceaſe to be the Monitors and Miniſters of its 
Government. They may be the Subject of the Complaints 
of a Philoſopher that wants to draw Man out of his Sphere. 
But a judicious Mind, who knows the Privileges and Li- 
mits of human Reaſon, will confeſs with Humility, and 
yet with Gratitude, that the Senſes of Man, though li- 
mited in their Relations, are the firſt Supports of his 
Power, and the very Inſtruments of his Salvation. 
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Proved from his Pleaſures. 
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E have juſt ſeen how Man does, by the Concur- 

rence of his Reaſon and Senſes, bear a truly uni- 

verſal Sway, which is the Image of that of God. But can 

we ſay the ſame of his Pleaſures ? Let us take a View of 

them; and we ſhall find that they alſo are connected with 

the whole Univerſe. This may be made * with Re- 
8. 

The Play- thing, that hangs about an Infant's Waſte “, 
is compoſed of a Piece of Cryſtal that was cut off the ſteep- 
eft Rocks of the Alps or Madagaſcar +, and of Silver Bells, 
the Matter whereof comes from Germany or Peru. The 
Parrot, which is placed near that child to talk to it, was 


That Play-thing, which is a Piece of Coral among the Engliſh, 
is a {ſmooth and bright Piece of Rock-Cryſtal in France. 


+ One of the largeſt INands in the World, that lies Eaſt of Africa. 
ſent 
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ſent him from St. Domingo or Zanguebar: And the Feather, 
which adorns his Cap, was pulled from the Wing of one 
of the Oſtridges that traverſe the Deſarts of Negro-/and, or 
Zanara 

Let us conſider even the ſlighteſt of our Repaſts. How 
many Provinces vie with each other, and contend for the 


Honour of ſupplying us with a glaſs of Wine? Do we prefer 


a Diſh of warm Liquor ? Canada preſents us with its Ca- 
pillaires, the Caraccas offer us their Cocoa-Nuts and Vanil- 
la, China and Japan their Tea, and Arabia its Coffee. The 
Bitterneſs of theſt Leaves and Grains ſhall be immediate- 
ly corrected by the pleaſant Salt of the Canes that grow 
at Martinico or Cayenne The Cup that holds this Liquor 
comes to us from Meaco + or Nangquin &, from Saxony or 
Chantilly. "Thus three Continents continue to ſupply Man 
even with this meaneſt of his Wants, which yet he may 
enjoy, and keep till within the Bounds of the ſtricteſt So- 
briety. 

I 1 the immenſe Liſt of his Wants and Pleaſures, 
by ſaying, that if he is willing to take a View of them in 
the Heavens, and upon the Earth, he may diſtinguiſh all 
the Points of the Globe by as many peculiar Contributions. 
This is one of the mot pleaſing Methods of framing a 
Geography to one's ſelf, and an Employment well worthy 
of him for whom the Earth was created. | | 

But becauſe Man is able to procure to himſelf innume- 
rable Bleſſings, does it from thence follow he muſt be the 
Image of God on the Earth? Is not the Multitude of his 
Pleaſures, on the contrary, rather a Diſhonour than a Glory 
to him? It is that very Rapaciouſneſs, in aſſuming every 
thing to himſelf, that really betrays the Uſurper and the 
Tyrant. The Deiſts aſſume an Air of Moderation when 
they thus cenſure our Pleaſures ; and yet it has been ob- 
ſerved, that they have no Contempt for them, and that 
their Morals are none of the ſtricteſt: But then indeed there 
is no Philoſophy that is leſs conſequential and rational than 
theirs. They look upon Man as an animal that has no 
Superiority over the reſt, and yet there 1s nothing which 


The very heart of Africa. 
+ A great City of Japan. 
$ A great City of China, | 
We 
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we do not ſee theſe Men diſpoſe of without Sc1uple, They 
look with an Eye of Pity on the Dominion aſcribed to us 
in Scripture, . and at the ſame Time diſpenſe with all the 
wiſe Rules that ſet Bounds to that Dominion. Will they 
become wiſer by turning Azachorets ? But it would be the 
higheſt Degree of Extravagance in them to deprive them- 
ſelves of every 'Thing here below, and have no Hopes left 
any where elſe. Sure the Deiſt knows neither what he is, 
nor what he condemns, nor what he approves ot, - becauſe 
that Reaſon, which he takes for his Mittreſs, was appoint- 
ed to liſten, not to be liſtened to. Let us then entertain 
that Notion of our Pleaſures which Nature, Experience, 
and revealed Religion gives us of them. | 

Pleaſures cannot diſgrace Man, as they are the Work of 
God; nor do they render him criminal, ſince they are a 
Gift of the Creator. The Power exerted by the Governor 
of a Province may afford him an Opportunity of doing a 
great deal of Miſchief, and of committing many great 
Exceſſes. But it is not his Authority that covers him with 
Shame; he is only diſgraced by the Abuſe of his Power. 
The Pleaſures of Man, likewiſe, are, in the Order of God, 
ſo many Proofs of the Excellence of his Condition. I hey 
never diſhonour him but +.hen he uſes them to Exceſs, and 
overlooks the Intentions of him who created thoſe Plea- 
ſures, and who perpetuates the Diſtribution of them. 

That Wiſdom, which created all Things, is the ſame 
that came to reform the Diſorders of our World. The 
only Thing it took to taſk was the Will of Man. All 
elſe was good; nor did our Saviour prohibit the Uſe of 
them. Tis true, he every where preſents us with power- 
ful Motives for introducing Purity, Reſerve, Dignity, and 
Rule into our Actions; but above all, he inſiſts upon theſe 
Things with regard to the Uſe of Pleaſures. He repre- 
ſented them to us as being the Objects ct a lively Grati- 
tude, or as being, on a great many Occaſions, the Matter 


of an excellent Sacrifice, and ſometimes of a neceiſary Pri- 


vation. But he neither condemned them as bad, nor ſup- 
preſſed them although they were dangerous, He deprived 
us only of what was contrary to the primitive Inſtitution, 
or of what a perſonal Diſpotition might render pernicious 
to us. Let any Man name, if he can, one ſingle Pleaſure 
he has refuſed us. 

He 
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He invites us to admire the Beauty of the Robe where- 
with God has clothed the Flowers of the Fields. He will 
have us conſider the bright Colours with which God decks 
the yery Graſs of our Meadows. I know that this Invi- 
tation aims at more than barely making us admire the 
Flowers and Ornaments our Abode is adorn'd with. When 
he deſires us to take Notice of the fond Care with which 
God vouchſafes to imbelliſh tranſitory Creatures, deſtined 
only to ſupply our daily Wants, he thereby makes us ſen- 
ſible how dear we ourſelves are to the Providence of the 
Creator, But this is not debarring, but rather permitting 
and ennobling our Pleaſures: It is teaching us at one Time 
a twofold Uſe of all Pleaſures, which ought always to in- 
ſtru& as well as entertain us. Far from blaming that Clean- 
lineſs that makes us waſh our Face, and perfume our Hair, 
he will not have that Practice interrupted even on the Day 
of a voluntary Faſt, leſt the ſuppreſſing of a requiſite De- 
corum, which every one expects to ſee us obſerve, ſhould 
become the Publication of the Good which we were not 
bound to do. He honoured Marriage by aſſiſting at a Wed- 
ding- feaſt, and, out of Compaſſion for the Smallneſs of the 
Proviſions of thoſe that gave it, he changed their Water 
into Wine; an expreſs Creation, which, far from prohibi- 
ting Wine, authoriſes the ſeaſonable and innocent Mirth 
reſulting from the excellent Quality of that Liquor. Nay, 
he even honoured with his Praiſes the Prot uſion of an ex- 
quiſite Prefume, becauſe an excellent Motive was the Prin- 
ciple of it. You ſee him ever intent, not indeed on pre- 
ſcribing ſuch or ſuch an Abſtinence to us; but on recalling 
Man to what is the Life of Religion, vi. the Love of God, 
and of one's Neighbour, which only inclines us to honour 
the one, and be helpful to the other. He lived in the com- 
mon Way, and never inſiſted, like other Lawgivers, on 
meer Forms of doing this or that; which Forms may in- 
deed very uſefully prevent or puniſh our Faults, but may, 
at the ſame Time, ſubſiſt with the ſtrongeſt Paſhons. He 
ſtrikes at the Paſſions themſelves, becauſe the reforming of 
our Will neceſſarily regulates the proper Enjoyment of 
thoſe Bleſſings, it had before made an ill Uſe of. The Diſci- 
ples of our Saviour, moved by his Divine Spirit, have taught 
us, that whatever came out of the Hands of the Creator de- 
ſerves and commands our Gratitude, 'Their DoQrine, as well 
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as his, concerning Pleaſures, teaches us to deprive ourſelves 
of them, in order to be more free and leſs diverted from 
the Service of God, or to govern the Uſe of them merely 
according to Charity, or the prudent Management of the 
Church, to whom it belongs to rule her Children “. 

If we even examine the primordial Deſtination of all 
Pleaſures, we ſhall find in it the Characteriſtics of an im- 
menſe Goodneſs and a ſovereign Prudence. The tender 
Regard of God towards Man, ſhines moſt conſpicuouſly 
both in the Quality and the Number of the Pleaſures he 
has imparted to him. He has made their Attractives in- 
herent to whatever is molt neceſſary, and multiplied their 
Number with a kind of Prodigality. What a Splendor in 
thoſe Torches which gives us Light! What a Loftineſs in 
the azure Arch that covers us! What a Variety of Colours 
and Sounds, of Smells and Savours, of Symmetry and 
Delights of all Kinds throughout our Habitation ! 

The greateſt Kings leave their Pleaſure-gardens to en- 
Joy the Sight of a fine Field, in common with their Sub- 
jects. There is nothing ſo grand or fo affecting as ſimple 
Nature. The King, tis true, fleeps beneath a gilded 
Roof, whilſt the Shepherd takes his Reſt under a Cottage: 


But beautiful Nature ſtill puts them upon a Level. Both 


are enlightened by the ſame Sun; both enjoy the ſame 
Elements, and live under the ſame Heavens, 'I hey truly 
inhabit one and the ſame Palace. 

The Prudence of the ſupreme Being is no leſs conſpicu- 
ous than bis Goodneſs, in the Pleaſures he grants us. He 
was not contented with intereſting us in the Uſe and Ad- 
miniſtration of all the Bleſſings he preſents to us, by cauſing 
a Pleaſure to reſult trom them by the Gratification of ſome 
one or other of our Senſes ; but his Intention was alſo, that 
this Pleaſure ſhould be quick, and even attractive, or the 
Abſence of it attended with Sadneſs, and ſometimes with 
Pain, to the End that it might be a Warning as well as a 
Comfort to Man; and not only keep him awake, as to 
what he is to do for his own Preſervation, but alſo be a 
perpetual Monitor to invite him to do it. 'There is a Mul- 
titude of urgent Neceſſities which Reaſon would not have 
provided for, had it not been for this Deſign of the Crea- 


* Acts xv, and 1 Cor. iii. 
tor. 
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tor. Reaſon would have been. but faintly inclined to ſa- 
tisfy them, or might even have abſtained from them out 
of Forgetfulneſs, or on Purpoſe. Hunger and Thirſt, and 
all our Senſations which provoke, as well as all the Plea- 
ſures which attract and invite us, make up for the Miſtakes 
as well as the Abſences of our Reaſon, and by Means both 
eſſicacious and preſſing, keep Man from being acceſſory to 
his own Deſtruction. 

But let the Motives of acting, which 
Man finds in his Pleaſures, be ever ſo uſe- Pleaſures are 
ful and ſtrong; yet they are neither his not the End of 
End nor his Rule. The Pleaſures of Man Man. 
are not his End, ſince they all of them con- 
duce to ſome further Aim. Appetite inclines us to eat- 
ing. Weeat in order to live, and live in order to work, 
and the whole is ſtill directed by Religion towards that 
common End which every Thing ought to lead to. The 
mutual Attraction of the two Sexes for each other has 
Marriage for its Aim, and the End of Marriage is the 
Birth and Education of Subjects, that may perpetuate 
both the Church and the State. 

But if Man was created for no other End but the Promo- 
tion of his own Happineſs, the Society is deprived in al- 
moſt every Cafe of what it had a Right to expect. Man 
thinks he is of Service to Mankind in his Expences, by re- 
ferring every thing to his own Satisfaction: But while he 
cauſes the Miniſters of his Paſſions to ſwim in Riches, the 
vaſt Inequality of the Diviſion of his Favours muſt needs 
bring Miſery upon thoſe who are at a further Diſtance 
from him. Piety has ſounder and more uſeful Views; all 
her Steps lead to the common Good. Her very Modera- 
tion and Abſtemiouſneſs, far from being hurtful to others 
by the ſuppreſſing of certain Expences, do but enable her 
the better to ſpread new Favours among the reſt of Man- 
kind, and make them flow where A —_ made at 
Random could never have conveyed any. 

AsPleaſures are by no Means the End of human Actions, 
much leſs ought they to be the Rule of them. Nay, they 
muſt be even pernicious and deſtructive of all Rule, when 
they conduce to nothing : For they have been ſubjected to 
a Rule, merely to obtain that End for which they your 

created. 
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created. Do but change that Order in the leaſt, and you 
pervert every thing. | 

A Man is guilty in eating, when he has no longer any 
Claim to Life, and what Right has he to live, when he 
refuſes to work? Invading the Property of others 1s alſo 
ſubverting every Rule : And what Property 1s dearer to a 
Man than his Wife? It is likewiſe an Inſult on Society 
and Common Senſe, to fill the World with profligate and 
wretched Creatures, deſtitute of Protection and Education: 
He then corrupts all Pleaſures, and deſtroys the End of 
them, who is an Adulterer, or a Fornicator. Whatever is 
on the Earth has been given up to Man; but whatever 1s 
within Man was ſubjected to Reaſon and Rule. We ſhall 
ſee, in its proper 'Time, that this Reaſon, as well as the 
Conſcience which attends it, has not been abandoned to 
the Chance of its own Deciſions, or the Rule of its own 
Fancy. It is not its own Guide and Light. It was origi- 
nally governed by Precepts given to the firſt Men; and 
ever ſince the Manifeſtation of our Saviour, it finds its 
Rule and a perfe& Security in the Simplicity of Faith, an 
an Obedience to the preaching of the Goſpel. | 
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MAN conſider'd as GovERNOR. 


The Aſſiſtance he receives from the Animal 
| Functions. 
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HE Organs of the Body of Man vifibly ſubmit all 

the Earth to his Reſearches and Induſtry: And as 

they likewiſe readily obey all the Dictates of his Will; 

that Will, of courſe, rules over all the Earth, and ſub- 
jects it to itſelf. 

It is a Thing which appears at firſt very aſtonihing, 

that our Will, which diſpoſes at its Pleaſure of all _ 
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ſtrial Bodies, is no longer Miſtreſs of any thing, when the 
Action of the Veſſels which conſtitute the inward Parts of 
our own Body is to be regulated. The Lungs, the Heart, 
the Stomach, and the Brain itſelf, will not wait for Man's 
Commands in many Things. They have an Action of 
their own, independent from, and even ſometimes contra- 
ry to all his Defires. He may, indeed, by many tried 
Precautions, and by Arguments grounded upon Experi- 
ence, prudently attempt to reſtore or maintain a good 
Oeconomy in his inward Organs. This is granted to the 
Diſcernment of an excellent Phyfician. But Man knows 
not the Organs of his Brain : How then can he know the 
Action of them? Even the Manner of his Digeſtion is a 
Secret to him; and we find here, as well as in many other 
Caſes, that a very ſmall Portion of Light, if any, has 
been granted to us, wherever we had nothing to govern. 
I am not ignorant with what an Aſſurance a Philoſopher 
will come and tell us, that Digeſtion is no more than the 
Action of a triturating Muſcle. Another, who laughs at 
the very Name of Trituration, will tell you, that Digeſ- 
tion is brought about by a ſaponaceous Water. Others 
will alledge other Diflvents, But, let us put into the 
Hands of thoſe Philoſophers Liquors, Herbs, Vegetables, 
Bread, and Meats of all Kinds: Let us allow them Mor- 
tars, Peſtles, Water, Soap, Fire, Salt, Vitriol, Spirit of 
Nitre, and as many Diſſolvents and Agents as they pleaſe: 
Let us add to theſe Apparatus's, Steves and Strainers, in 
ſhort, all the neceſſary 'T'ools for grinding, diſſolving, and 
filtrating : I ſay, that notwithſtanding all thoſe Things, 
they never will be able to give us one ſingle Drop of 
Chyle, and ſtill leſs able to ſhew us the leaſt — of 
Blood. They may eaſily counterfeit the Whiteneſs of 
Milk, by diluting the Flower of a few Almonds with 
Water, and calling that Almond Milk; but there is an 
immenſe Diſtance between that and real Chyle, between 
that and real Milk, or right Blood. 

I will ſuppoſe that Man may poſſibly arrive at diſcern- 


ing in a Manner leſs confuſed the Action of his Intrails; 


yet will it be conſtantly true, that his immediate Govern- 
ment is no way acceſſory to that Operation. He governs 
the Choice of the Meats, and the Trituration which is 
made of them under his Teeth. But the Bread — 
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the latter has hardly got to the Orifice of the Eſophagus, 
but it is entirely out of the Power of Man. The Stomach, 
into which this Food deſcends, is a perfe& Abyſs to it. 
Man 1s ignorant whether it ſhall be digeſted there well, or 
not, and the whole Work of his Inteſtines 1s altogether 
inacceſſible to his Inſpection. It is performed without him 
from Beginning to End, and commonly in his Abſence, 
ſince he never digefts better than when he is aſleep. 

Shall we deem this an Imperfection in Man? It is ra- 
ther an honourable Diſcharge, and a convenient Exemp- 
tion. He has thereby been excuſed the Cares of Digeſ- 
tion, and the innumerable Particulars of ſo many inward 
Operations that would have oppreſſed him, as they muſt 
have waited for his Commands and Direction. But, what 
could be the Aim of this Exemption, if not to enable him 
perpetually to act externally, and to give himſelf up to 
the Exerciſe of his Talents ? 

What we are allowed to perceive of the inward CEcono- 
my of the human Body is ſtill more miraculous than any 
thing we have hitherto ſeen. But let us frankly own the 
Truth : Whenever we hear People ſpeak of Stomach and 
Inteſtines, of Gall and Coction, of Chyle, Humours, and 
Secretions ; our Imagination is ſhocked, and the Organs 
themſelves, as well as the Matters that circulate thro? and 
are contained in them, are ſo many Objects we naturally 
turn our Eyes from. 'The Sight of them appears hideous 
to us, and makes us ſhudder, unleſs Reſolution, and the 
Habit of buſying ourſelves profeſſedly about them, have, 
by little and little, taken off our Diſguſt for them, 

We know of a certain Syſtem of Mctaphyſics, that 
would fain expoſtulate with the Author of our Being, for 
having endowed the ſeveral Parts of our Abode with ſo 
many powerful Attractives, and, at the ſame Time, in- 
{pired Man with an almoſt invincible Averſion for the 
Sight of the inward Veſſels of the human Body ; although 
we were ſo much concerned in the Structure and Action of 
them, and that Action could never be too well regulated, 
as they make a Part of our Being. 

What raiſes here the murmuring of a vain Philoſophy, 
is in good Truth a Diſpenſation full of Wiſdom, and a 
Precaution infinitely uſeful to Man. What God entruſted 
to our Induitry and Management, has ſeldom any thing 

diſguſt- 
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diſguſtful in it, and the Incitements to it render the Work 
agreeable to us. Agriculture, Commerce, Fiſhing, Hunt- 
ing, and the Arts in general, have a Thouſand Charms 
for Man, that encourage his Efforts, and make him over- 
look the very Toils they are attended with: Whereas, an 
unconquerable Averſion diverts his Eyes and Thoughts 
from whatever recalls him to the Functions of his Intrails, 
and the whole inward Frame of his Body. Now could 
any thing be better contrived, ſince this Operation is ſo 
totally independent on the Direction and Knowledge of 
Man? His' Happineſs does indeed conſiſt in being ſtrong- 
ly inclined to what he can do with Succeſs, — power- 
fully diverted from what he can neither govern nor con- 
ceive. 

There is then in Man a Kind of Ignorance and Incapa- 
city, which, far from arguing any Diſorder or Miſery, 
facilitates to him the Enjoyment of his Privileges. What 
God reſerves to his own divine Operation, without requi- 
ring any thing of Man towards it, aims at ſparing him ſo 
much Trouble: And that Exemption, which increaſes his 
Liberty, is a true Motive of Gratitude, It renders us but 
the more ſenſible that God leads us one Way, and Philo- 
ſophy another. When his Reaſon has attempted to ſhake 
off the Yoke of his Senſes, and find every Thing in it- 
ſelf, it neither finds nor procures any Thing for us; but, 
when it follows Experience, and the Certainty of its 
Senſes, Step by Step, from that Moment it is in the Or- 
der that confines it to a limited Compaſs of Knowledge, 
and its Toils are encouraged by a Series of new Acquiſi- 
tions and good Succeſs. 


MAN 
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Man conſider'd as Governor; 
Demonſtrated from the Faculties of his Mind, 


The Activity of MAN. 


| HIT hte i. 2 * 


os UE VI. 
HAT Man was deſtined to apply to his own. Uſe, 


and govern whatever is upon the Earth, is a Mat- 
ter of Fact no longer to be doubted, as his Strength and 
Dexterity, his Wants and Pleaſures, and the Advices and 
Operations of his Organs, generally exert themſelves 
upon, and extend to every Thing in the Globe. But we 
know hitherto no more than the external Part of his Go- 
vernment. We have not as yet carried our Inſpection any 
farther than to the Miniſters appointed to inform him, to 
give him Intelligence, or execute his Orders. Let us now 
view the Governor himſelf, even the human Underſtand- 
ing; and be ſatisfied with what it is poſſible and neceſſary 
for us to know of it. 

Every Thing on Earth is adminiſtered and governed by 
the Body of Man. But the latter moves and acts under 
the Command of its Mind, which thus becomes the Mo- 
derator of the whole. A King 15 never truly ſuch, or 1s 
only ſo by Name, unleſs he has both Power and Strength 
to make himſelf obeyed ; Underſtanding and Counſel to 
judge of all the Things he is to ſet in Order; and the free 
Choice of thoſe Means which are moſt conducive to it. 
The human Mind ought then to have, towards exerting 
its Authority, a powerful Activity that ſubmits to it the 
Things within its Province, a ſufficient Share of Intelli- 
gence to know the Objects of its Operations; in ſhort, the 


tree Choice of the Means that are moſt ſuitable to make 
an 
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an Advantage of every Thing. Now we can demon- 
ſtrate, that all theſe Qualifications are to be found in Man, 
and in Man alone; you muſt be throughly convinced that 
he is the Image of God on Earth, and appointed to im- 
prove every 'Thing there, by a rational and equitable 
Uſe; For, if God 1s the Lord of all Things, he is fo 
through his Omnipotence that created all; through his 
Omniſcience that makes him know all, and through his 
ſupreme Freedom that chuſes what is good, and moſt ſuit- 
able to his Purpoſes. | | 

That r Activity of Man, the firſt 
Foundation of his Glory and Reſemblance The Activity 
with God, is already known to us from the of Man. 
bare Inſpection of his Organs, and of the 
Works wherewith he imbelliſhes the Earth. It would be 
very agreeable and natural enough, here to conſider in a 
particular Manner, the magnificent Detail of them ; But 
it being improper to repeat the ſame Things over and over, 
we ſhall poſtpone this Enumeration, till that Time when 
we are to conſider him in Society, and take a View of his 
ſeveral Works. It ſuffices for the preſent to obſerve in ge- 
neral, that the greateſt Honour to which God has called 
Man upon the Earth, conſiſts in being Inventor and ſu- 
preme Orderer there. He 1s viſibly Inventor on the Earth, 
as he fills it with Works of all Kinds, which God never 
placed there; and is alſo the gencral Diſpoſer of all; ſince 
he buſies himſelf ſometimes with the regulating of his 
own Conduct, ſometimes with the reforming of that of 
others, and ſometimes with the Management of a Multi- 
wde of Enterprizes, partly executed under his immediate 
inſpection, partly at a Diſtance from him, and partly at 
the four Quarters of the World. 

Caſtors build Huts, Foxes dig Holes, and Birds make 
Neſts to themſelves. No more muſt be required of them. 
An invincible and uniform Impreſſion conſtantly brings 
them to that Point, and, without Reaſoning, ſtill inclines 


them to produce Works which never vary. If they did 


reaſon, their Works would be as various as their rational 
Operations. But Man, when he received the Impreſſion 
of an Activity, that makes him hate Inaction, was not 
confined to one ſingle Method or Manner of employing 
himſelf, He was given over to his own Reafoning and 

Counſel, 
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Counſel. He ſearches; ' be tries; he deliberates; he 
combines: He makes new Obſervations, new Projects, 
and new Works. We ſee coming out of his Head and 
Hands Things of which there was no Model in Nature; 
a Mill, a Gun, a Watch. He not only imitates God, in 
introducing here below Productions which never appeared 
there; but he, like God, never ceaſes to be active; he, 
like him, preſerves and renews his firſt Works, and, as 
well as him, reforms Irregularities, and re-eſtabliſhes Rule 
wherever it begins to flag. 


We neither can nor will ſay, that Man exerts Omnipo- 


tence as well as God. That would. be a blaſphemous Aſ- 


ſertion. Man is not a Creator. He can do no more tian 
combine Things already made. But were there in any 
of our Languages a Word that will clearly expreſs the Fa- 
culty which Man has of producing Novelties of all Kinds 
upon the Earth, and of maintaining the good Things he 
has already procured for it, that World would exprels the 
Power of Man, and be an Epitome of his Glory; as it 
would deſcribe that Perfection of what brings him neareſt 
to the Creator. 
Working is the Term we are looking out 
Working. for. Man works upon whatever the Earth 
| contains ; he is therefore the Image of the 
Creator. Labour 1s ouly the Exertion of that fruitful Ac- 
tivity, whereby he conceives a Series of uſeful Thoughts, 
or produces, entertains, and finiſhes a Multitude of out- 
ward Works. Working is then the firſt Foundation of 
the true Grandeur cf Man, as Omnipotence is the Prin- 
ciple of the Works and Glory of God, 

The Works of Man, 'tis true, are indeed attended with 
Difficulties, Obſtacles, and much Trouble. His Labour is 
hard and toilſome; and this cannot be applied to God. 
Man, for certain, is very far from being his Image in that 
Reſpect. But, altho' Fatigues and Hardſhips are the juſt 
Puniſhment, as well as the wholeſome Exerciſe of Man, 
conſidered as a Sinner; altho' Labour is become fo far In- 
diſpenſable, as he has been condemned to it; yet Work- 
ing ceaſes not, for all that, to be ſtill what it was in its 


_ exit Original. It is the Vocation of Man, Birds are made 


to fly, and Man was created to work. As the Works of 
God, both in their Creation and Perpetuity, are the un- 
interrupted 
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interrupted Exertion of his Omnipotence ; Operating is the 
perpetual Exerciſe of the Power of Man. He imitates the 
Creator, in Proportion as he cultivates the Earth, and aſ- 
ſiſts her in her Productions. This was the Appointment 
of Adam, even in his State of Innocence“; whereas, the 
more faintly he works, or abſtains from Labour, the more 
he deſtroys in himſelf the Image of h'm who created the 
World, and who never ceaſes to re- produce, or preſerve 
there, what he brought to Light from the very Beginning. 
Such 1s the Condition of a rational Being. Nothing is 
greater on Earth than Man, ſo long as he embelliſhes it 
with ſome new Work. The Moment he deſiſts from that, 


he becomes no more than a Statue, and loads the Earth 
with an uſeleſs Burthen. 


* Ut operaretur, Genel. ii. 15. 
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Man conſider'd as Governor; 


From the Underſtanding. 
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T HE Sovereign Power of the Creator was never ſe- 
parated from his ſupreme Wiſdom, which co-exiſted 


with him before the Univerſe. It delighted him in the 

Creation, through the Variety of the Plans of thoſe Works 

which it offered to his Choice; and ever ſince the Creation, 

its Pleaſure hath been todwell among the Children of Men, 

to regulate their Conduct, and the Operati- 

ons of their Hands. Thus Wiſdom inftrut- pov, viii 22, 

ed Adam, Noah, Abraham, and him who, of & ſeg. 

all Kings, had the greateſt Share in its Fa- 

yours, ſo long as the Seduction of Riches, and the Illuſion 

of Pleaſures Gd not reſtrain him from liſtening to its Dic- 

tates, It 1s that Wiſdom, which has from Age to Age 
Vol. V. E raiſed 
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raiſed uſeful Genius's, and induſtrious Workmen. But as 


God, when he imparted his Power to Man, did not give 


him his Omnipotence, ſo when he gave him to partake of 


bis Wiſdom, and granted him a vaſt Capacity of Know- 


ledge and Invention, he did not make that Knowledge as 


boundleſs as his own. 


He raiſed him to the Glory of Governing, and order- 


ing whatever was placed in his earthly Abode, that he 
might exert both the Sagacity of his Mind, and the Dex- 


terity of his Hands. But Man governs and ranges Things 
already made. He may obſerve the Number, Dimenſions, 
Action, Merit, and Properties of them: He may, by new 
Combinations and Changes of Order, put Minds and Bodies 


in Motion: He may, as it were, create anew: But the 


Nature and Exellence of whatever he employs were pre- 
exiſtent. It is an eaſy Matter for him to deſtroy his own 
Work. He may break to Pieces the Veſſel, or the Pen- 
dulum-clock that came out of his Hands; but he will 
never be able to make thoſe Pieces return to their former 
Nothingneſs. The Clay and Copper remain immortal. 
He can neither deitroy nor create the primitive Beings ; 
and God, who has limited the Power of Man, has of 
Courſe ſet the ſame Bounds to his Knowledge. 

There are then, if you will allow me the Expreſſion, 
two Sorts of Productions; that of God, who has made the 
Spirits and Bodies; and chat of Man, who cultivates, fa- 
ſhions, imbelliſſies, and applies them to ſeveral Uſes, by 
ingenius Inventions, The Objects of the firſt Creation 
are made, and it is becauſe Man was not commiſſioned to 
make them, that God had rendered them inconceivable to 
him. But the many Uſes to which Man can apply created 


Things, are the true Object of the human Science and pro- 


ductive Faculty. Such is then the Meaſure of the Opera- 
tions of Man, and ſuch the Meaſure of his Knowledge. If 


it is 2 to him to enjoy Prerogatives, ſo great as theſe 


are, he, on the other Hand, commits an Error that ren- 
ders him ridiculous, when he falls to Reaſoning, creating 
Difficulties and Objections, and building Syſtems upon Ob- 
Jes which are beyond both his Power and his Knowledge. 
Bayle became a ſpeculative Manichean. Locke was inclined 
to become a Materialiſt; Neauten had ſome Diſpoſitions to- 


wards being an Arrian, and a great many Metaphyſicians 
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now-a- days become Deiſts, by arguing at random upon 
the Nature of Spirits and Bodies, and of God himſelf, and 
the very Order of his Decrees. They all of them will ju- 
ſtify the Boldneſs or Singularity of their Opinions, by ſay- 
ing they have followed pure Reaſon, rather than the old 
Prejudices that have been circulating among Men, from 
one Age to another. But they have, every one of them, 
ſuppoſed in Man a Prerogative which he enjoys not, even 
that of obtaining from his Reaſon clear and unqueſtionable 
Anſwers, upon all the Queſtions he is pleaſed to put to it. 
That was not his Vocation, nor his Kind of Intelligence. 
The molt Part of them, on the contrary, have neglected 
to uſe a moſt real and moſt honourable Privilege, which 
Reaſon actually enjoys, of regulating and improving his 
Dominion, by the good Advices of Experience, and b 

outward Teſtimonies, which ſufficiently inſtruct him in the 


Order of Nature, and Revelation. It has been a general 


Miſtake among them, to expect Light from Reaſon, that 
was appointed to receive it. They thought it capable of 
underſtanding, by Dint of Arguments, what God has re- 
ſerved to his own proper Operation and Knowledge. It is 
no Wonder, indeed, that they have erred and gone aſtray 
ſo variouſly, and that Darkneſs ſhould have increaſed 
more and more as they went on : They had leaped beyond 
their Sphere. | i 

Ever ſince Men have been on the Earth, uninterrupted 
Experience has taught them, that their Knowledge had a 
Relation to their Activity: That they have Underſtand- 
ing enough for the Things they can do; but that they are 
vaſtly limited in the Knowledge of what exiſts or acts in- 
dependent on them; for Inſtance, in the Knowledge of the 
Structure and Action of the Organs of their own Body, or 
in that of the Operations of their intellectual Faculties. 
All which is executed without their knowing the Manner 
of ĩt. | 

This Obſervation is the Solution of a Queſtion which 
has very much puzzled the moſt contemplative Philoſo- 
phers. What 1s, they will aſk, the Manner in which 
Man ſees Truth? How is his Knowledge formed ? Is his 
Underſtanding a Looking-glaſs, in which Truths come 
and paint themſelves ? Or how is it conceivable, that an 


' Underſtanding can be a Looking-glaſs? Does he ſee 
E 2 | 


Truths 
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Truths in God, in whoſe Subſtance they are immutable? 
Does he bring into the World a Stock of common Truths, 
that conſtitute what we call Common Senſe, and the Baſis 
of our Arguments? Or does our Underſtanding operate 
only in a general Manner, and apply to every new Caſe 
the particular Things we learn by Means of our Senſes? 
And in this laſt Caſe, how and upon what Grounds will 
dur Reaſon give its Judgment a greater Extent than there 
is in the conſtantly particular Informations it receives from 
its Senſes? 

I ſhall anſwer this Queſtion concerning the Origin of 
our Knowledge, by another Queſtion on the Origin and 
Communication ot our Activity to the ſeveral Members of 
the Body. How do the animal Spuits, it any there are, 
ſuddenly carry their Action trom the Brain down to the 
very Tip of the Joes? How can they operate in a Man- 
ner fo oppoſite to what pailes in all Kinds of Mechanics? 

It is univerſally acknowledged, that whatever Things 
are to be weighed, a ſmall Force may put in Motion, or 
even overcome a great Power: But, 1n that Caſe, the ſmall 
Force traveries a great Space with Rapidity, whilſt the 
great Force moves but ilowly within a very ſhort one. 
The Velocity compenſates for the Weight. A fifty Pounds 
Weight hooked on the Steel-yard or Roman Balance, hard- 
ly rites the Space of half an Inch, whilſt the Pound Weight, 
which is at the Extremity of the Beam, traverſes a Space 
of fifty half, or five and twenty entire Inches. The hand 
of the Waggoner, who endeavours to raiſe his Axle-tree, 
that fell by the breaking of one of the Wheels, turas 
twelve or fiſteen Times the Handle of the Jack to raiſe the 
Axle-tree but a ſingle Inch. In any other Caſe, the Pow- 
er moved traverſes in an equal Time, as great a Space as 
the moving Force: They are made even in every Reſpect. 
If you are willing, far Inſtance, that a Bale of Silk, 
which is in one of the Scales of a Balance, ſhould riſe and 
become level with a Piece of Iron that deſcends in the 
other Scale, your moving Force muſt be of equal Weight, 
and traverſe the ſame Space as does the Force moved: 
"There muſt be, for Inſtance, the Weight of one Pound on 
each Side, and the Pound of Silk which comes down, as 
well as the Pound of Iron that goes up, mult traverſe 
equal Spaces. Theſe are our Mechanics. We 1 

other 


| — 2 _— * 


| aa 2 


BS. 3 ³ ³¹ A ⁵ͤ » 


On ihe Underſtanding. 77 


other at Mexico, in Turky, or at Japan. But in the Me- 
chanics of the human Body, every Thing is operated quite 
otherwiſe 

Firſt; we do not conceive what the Action of a Will 
upon a. Brain can be. On the other Hand, let that Fluid 
which the Blood adminiſters to the Brain, whereby the 
latter puts all the Muſcles of the Body in Moto, and the 
exhauſting of which is followed by the Wearineſs of the 
Limbs, or by their total Incapacity of moving; let that 
Fluid, I ſay, be whatever it will, it cannot but be of an 
amazing Tenuity, and an inconceivable Fineneſs, ſince it 
ſo very little diminiſhes the Volume of the Blood it pro- 
ceeds from. But that ſubtle Matter has hardly moved the 
Space of perhaps one ſingle Point, but the long Lever of 
the Leg has already traverſed a Space of three Feet, and 
tranſported the Whole Weight of tie Body to the Diſtance 
of half a Fathom, or conveyed the Action of a long Flail 
the Length of fix Feet from the Thraſher. Here the ſmall 
Force makes a ſhort Motion, whilſt the great Force tra- 
verſes a long Space. The above-mentioned Fluid is no 
ſooner bid to flow, but the Arm has already executed the 
Order it receives to act at the very ſame Time: Not the 
leaſt Delay 1s allowed that Arm, to compenſate the Cele- 
rity of the Fluid by the Slowneſs of the Maſs of the Muſcle. 
All goes together, the Will, the Spirits, and the Arm. 
This is a new Kind of Mechanics, which confounds and 
abſorbs the Mind of the moſt conſummate Maſter of 
them. | 

I doubt not but every Thing is mechanically executed 
in the Motions of the Body, ſince all the Actions of it are 
athited by Cords and Strings, by Impulſions and Retracti- 
ons; in ſhort, by a Variety of Inſtruments of Communi- 
cation. But this Sort of Mechanics is beyond our Reach: 
It 1s of a ſuperior Kind, and God has kept it to himſelf 
alone, as well as the Motions of our Bodies, and of the 
whole Univerſe, which are executed without our having 
any other Share in them, but that of willing or obſerv- 
ing them. g 

What we have juſt ſaid of the moving Principle of our 
Limbs, and the Means of their- Communication, may 
likewiſe be ſaid of the Origin and Progreſs of our Know- 
ledge, Our Activity is — a noble Preſent: But the 


3 Manner 
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Manner of its Beginning and Continuance 1s incompre- 
henſible to us. Our Underſtanding is an ineſtimable Fa- 
vour: But we cannot conceive what that Principle and Tie 
is, that cauſes Men, who never ſaw one another, and be- 
tween whom all Manner o. Communication is ſuppreſſed, 
to unite in adhering to one and the ſame Truth, and to a 
Set of common Ideas. Every Body is fully ſenſible, that 
the Study of the Anatomy of the Leg and Brains 1s not 
neceflary towards Walking or Dancing, even in the high- 
eſt Degree of Perfection. A Dancing-Maſter would get 
but very little Money by ſuch a Study. It is likewiſe a 
31.cer Loſs of Time and Trouble, and a Method perhaps 
inf nitely more ridiculous and more dangerous than the 
toregoing, to attempt the improving of one's Mind by 
making long Searches aſter the Origin of our Ideas, and 
by projoundly meditating upon the Nature of common 
Senſe. The Activity of the Body, and common Senſe, are 
two Inſtruments we have been provided with by Almighty 
God. His Gifts are fruitful in great Effects. They need 
only be made Uſe of, without attempting in vain to un- 
derſtand the Communication of the muſcular Motions, or 


to perceive diſtinctly the Source of our Conceptions. 


Inſtead of launching into the undeterminable Diſpute 
concerning the Origin of common Ideas, the clearing of 
which would require a thorough Knowledge of the Nature 
of God, of that of our Souls, and of the Manner in which 
the latter 1s united both to God and the Body ; we muſt 
be contented with knowing or feeling that it is ſo, with- 
out conceiving the Manner of it. God has not made the 
right Uſe of our Legs to depend upon the Study of the 
Brain, whence the Nerves that move our Legs proceed. 
The Brain, which performs theſe Operations, is an inex- 
plicable Maſs. Nor has God made the right Uſe of our 
Underſtanding to depend on the Study of the Nature of 
Spirits. We diſtinctly feel the Activity and Operations of 
it, without knowing what it is. Let us then be comented 
with obſerving, that God has framed the Underſtanding 
of every individual Man, ſo as that they all of them might 
unite in the Knowledge of the ſame identical Truths; juſt 


as he has given the ſame Form to the Eye of the 4/a!zct, 


and that of the European, and provided them both with 
Legs fit to carry them from one Place to another by alter: 
native 
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native Motions, which they are at Liberty to give them- 
ſelves whenever they pleaſe, without underſtanding any 
thing of the Matter. 

The pretended Difficulties which Montagne, Charron, 
and other Pyrrhonians, have affected to heap one upon a- 
nother, in order to depreciate our Talents, and root out all 
Senſe of Gratitude from our Minds, will never hinder us 


from perceiving very diſtinctly the Views of the Creator, 


in thoſe Favours which he was pleaf2d to beitow on us, 
We remember to have ſeen a Man without Arms, who 
had exerciſed his Feet in the Art of Spinning: But wall 
ſuch a Singularity as this authoriſe any Man to ſay, that 
our Legs were not made to walk with, and that we only 
chuſe to employ them that Way, rather than uſe them to 
ſpin? Many People look upon the Noſe as a conveni- 
ent Support of the Inſtrument that ſtrengthens the Eye- 
Styht: But can we ſay, nevertheleſs, that the Noſe was 
not made to judge, by Means of its ſmelling Facalty, of 
what the Mouth ought to admit or refuſe, and of the In- 
fection of the Air we ſhould avoid breathing in? We 
may poſſibly prefer the Ple:ſure of having a ſmall Foot, 
and a Stature artfully raiſed a few Lines, to the Satisfac- 
tion of walking in a free and eaſy Manner: We may 
be fond of raiſing our Bodies two Inches from the 
Ground, by Means of a wooden Peg fixed under our Heel, 
or run the Riſk of laming ourſelves, by ſqueezing the Ex- 


tremities of our Feet by a violent Force, as is the Practice 


of the Ladies in ſome Countries (perhaps in China:) But 
their Contempt for the Advantage of walking, does not 
keep us from being ſenſible of 1ts general Deſtination, 
We have ſeen likewiſe very ingenious Nations, who thought 
it proper, by expreſs Laws, to permit Fathers and Mothers 
freely to diſpoſe of ſuch of their Children as they fancied 
were ſupernumerary, by killing them immediately after 
their Birth, by expoſing them, or by getting rid of them 
afterwards by pious Conſecrations. Tis what the Gre- 
cians, the Romans, and all the Canaanites, have formerly 
authorized, who thought 1t their Duty, on ſome Emer- 
gencies, to ſell, or even make Burnt-offerings of them to 
Moloch. But is it leſs true for all that, that the Love of 
Fathers and Mothers for the Good and Preſervation of their 
Children, makes a Part of common Senſe. The Tears 
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which at thoſe Times trickled from the melting Eyes of 
the Parents, and the Care which they took to drown with 
the Noiſe of Drums the Cries of thoſe tender Victims, 
v-ere plain Vindications of natural Senſe, and betrayed in 
theſe covetous Devotees the ſame Grounds of Humanity 
that were in the Heart of thoſe who had an Abhorrence 
for their deteſtable Practices. 

It is a known Matter of Fact, that the Chine/e will often- 
times bequcath their Fortune to a College of Bonzees, and 
jet their old and ſickly Parents die ſor want of bare Neceſ- 
fares. Theſe mad Whims, occafioned by Avarice, and 
the Cheats of Bigottry, may ſupport themſelves by the 
Flotection of p-pular Cuſtoms, or human Laws: But they 
can never take Place any where, without raiſing a ſecret 
Indignation in their Hearts of thuſe who ſee old Age thus 
given over to Miſery and Deſolation : And it will {ttl; be 
true in the remoteſt eaſtern Regions, as well as on the 
Confines of Eurepe, that the Reſpect of Children for their 
Parents, and their Obligation of ſuſtaining them in their 
cid Age, are, and make a Part of common Senſe. 
 Ged then has framed all Men fo as that they might 


perceive the ſame Sun, the ſame Objects, and the ſame 


Light, by opening their Eyes; and apprehend the ſame 
uſeiul Truths, by making Uſe of their Reaſon. All the 
World over, every one is willing to be happy: All the 
World over we calculate, take Dimenſions, love our Fa- 
thers and Mothers; and it is a common Notion all over 
the World, that we ought to do to others as we would be 
Cone by. Men of ail Countries have a Netion of an In- 
telligence that rules the Univerſe, and they pay their Ho- 
mige to him: They expect a juſtice that will reward the 
Good and puniſh the Wicked, and have a general Abhor- 
rence for thoſe who affect to ſwerve from ſuch common 
and univerſal Ideas. Education, or a falſe Philoſophy, 
way poſſibly occaſion ſome imall Alteration or Variety in 
theſe Notions. But, notwithſtanding theſe local Particu- 
larites, Men are always, in the End, brought back to 
common Senſe, which proves ſuperior to Education and 
Philoſophy, becauſe it ſprings from a far more excellent 
Source. There is then a permanent Stock of Ideas in all 
Men, that ſupplies them with Truths, Knowledge, and 
Sentiments of general Uſefulneſs, Whether, then, the 
ſupreme 
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ſupreme Truth is intimately preſent to all Minds; or whe- 
ther it has, with indelible Characters, imprinted the ſame 
Principles in every individual Mind; or in ſhort, whether 
God has regulated and diſpoſed our Faculties, ſo as to en- 
able us to acquire the ſame Knowledge by a Likeneſs of 
Senſations, and the Conformity of Experience; it is an in- 
diſputable Point, that the human Mind, if it will but be 
attentive, can and will perceive, judge, reaſon, and arrive 
at the very ſame Principles of Sciences and Conduct all 
over the Earth. 
When God gave Man the Faculty of diſcerning Truth, 
without underſtanding any thing in his own Being and 
Activity, he viſibly aimed at ſparing him needleſs Diſtrac- 
tions, and at inclining him efficaciouſſy to the Exertion of 
that Faculty. The Anatomy of the Trachea is not what can 
enable a Muſician to ſing, and a Man of Experience may 
never read the Eſſay on the human Underſtanding, and yet 
be able to make wiſe Motions in the Councils of Kings, 
to judge according to the exacteſt Truth in a Court of Judi- 
cature, and take the wiſeſt Meaſures in the Management of 
his own Affairs; whereas Metaphyſics would leave him, 
with Regard to theſe Things, in the moſt profound Darkneſs, 
or perhaps only lead him from one Miſtake to another. 
Thee is in Man a kind of Ignorance that diſgraces 


kim; even that of his Obligations and Duty. It is vo- 


luntary, criminal, and even ſometimes within the Reach 
of penal Laws. There is ayother kind of Ignorance 
which he ought not to be aſhamed of: It conſiſts in the 
Bounds which God has ſet to his Underſtanding, and, as 
it helps him to confine himſelf within the Verge of his 
own, Conditions ; it is rather.a Benefit than a Matter of 
Complaint. * 
But, if it is a miſerable Error to lament the Weakneſs 
of the human Underſtanding, as if it were the Work of an 
ill-deſigning Principle, or of an evil- diſpoſed Deity ; it is 


an Error equally fatal to attribute to that Reaſon, whoſe - 


Limits are ſo eaſily perceived, the Power of judging of 
every Thing, and of deciding any Queſtion whatſover. 
Our Reaſon naturally finds within itſelf the Principles of a 


judicious Curioſity, together with the Motives of a wiſe. 
and ſober Circumſpection. How much the more reſerved . 
and ſubmiſſive will it then be, if God, in order to ſpare t 
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the Delays and Doubts which it would experience in the 
Search after the Truths relaung to our Salvation, has all 
at once fixed its Speculations in this Reſpect by the pub- 
lick and eaſy Rule of the divine Revelation? Sure, if he 
has vouchſafed to grant ſuch a Supply towards making up 
for our innate Weakneſs, (which we may eaſily convince 
ourſelves of by the Teſtimonies that warrant the Matter of 
FaR, and even prevent all our Searches after it) it will 
be a willful Error to liſten to the Diſcourſes of a few 
Beaux eſprits, and to pretend to bring the Rule of our Be- 
lief and Morals back to the Tribunal of our Reaſon + As 
it will, on the contrary, be agreeable to common Senſe and 
good Conduct, to ſubmit our weak Underſtanding to the 
Obedience of Faith, and never to exert our Activity and 
Underſtanding any otherwiſe than according to the Bounds 
within which God has been pleaſed to confine the Uſe of 


them. 


The Dominion of Man; 
Proved from his Imagination. 


os E. IX. 
1 HE Intention of God, in that Portion of Light which 


he has imparted to us, is again evidenced by the two 
Aſſiſtants he has placed near the human Underſtanding; 
mean Imagination and Memory. , 
Half of our Being 1s Body, and the great- 
Imagination, eſt Part of our Operations are relative to ſome 
of the Bodies that ſurround us. God, who 
was not willing that we ſhould be tempted to abandon our 
actual Condition and Relations, and tranſport ourſelves, be- 
fore the Time, into a State purely intellectual, or into too 


ſublime Contemplations, that would draw us out of our 


preſent Situation, has purpoſely decreed, that all, or al- 
moſt all, our Thoughts ſhould be attended with, and al- 
lifted by ſome corporeal Image or other, Nay, thoſe of 


Our 


The Dominion of Man. 83 


our Operations that are merely rational, and our moſt in- 


tellectual Ideas, ſuch as afithmetical or algebraical Ope- 
rations are directed, fix'd and carried on by ſenſible Signs. 
Were it not for ſuch Help, our Thoughts would either not 
be conceived at all, or would ſlip out of our Minds. Our 
uſual Knowledge is either procur-d, aſſiſted, or occaſioned 
by our Senſes ; and it is for this Reaſon, that our Sciences 
and Knowledge moit commonly aſſume the Form of ſome 
of our Senſations. Hence our Repreſentation of God as a 
bountiful Father, of whom we are the beloved Family; 
or as a King full of Majeſty, whoſe Glory reſides and ma- 
niteſts itſelt chiefly in the Heavens. We repreſent our 


own Soul to ourſelves under the ſenſible Notion of a Breath, 


o a Lamp, or of a light Flame. The Habit we hare of 
thus attributing to Spirits Things which belong only to 
Bodies, in order to make up for the little Knowledge we 
have of the Nature of Beings, cauſes us to aſſign as readil 
ſpiritual Properties to bodily Subſtances, as if the Thoughts 
which thoſe Bodi:s raiſe in our Minds by their Action did 
actually reſide in thoſe Bodies. Thus it is that we ſuppcſe 
in the Heavens the hionourable Function of publiſhing the 
Glory of God: Thus we aſcribe to the Sun and Moon the 
Care of governing Nature, and regulating our Days ; and 
ſuppoſe in the Winds an Intention of conveying Deſtruc- 
tion or Plenty every where“. We ſpeak to Rocks and 
Deſarts, as if they were endowed with Underſtanding. 
We invite Rivulets and Birds to join their Murmuring and 
Notes with our Voice to praiſe the Author of all Good and 
Beauty, as if they could have any Knowledge of his Boun- 
ties, or our Invitations. 

This way of thinking ſeems to betray a great Want of 
Exactneſs. Ought we not to ſhake it oft, according to 
Lecke's Wiſhes ; would it not be better to utter every Truth 
in a philoſophical Manner? There would be a vaſt Ad- 
vantage in defining every thing by its Genus and Diffe- 
rence, and then proceeding methodically to Syllogiſms and 
Enthymems : That would be cold and inſipid indeed; but 
the Tireſomeneſs of ſuch a Style would be fully recom- 
penſed by a vaſt Clearneſs; and is not this the only 
Means of ſtrengthening our Reaſon ? 


Quidve ferant venti, quid cogitet humidus auſter. Virg. Georg. 
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Thoſe who have introduced the Cuſtom of 
The Uſeful- ſpeaking and writing in this Manner, did not 
neſs of Imagi - ſufficiently know the Capacity and Wants of 
nation. Man. How many young People have we 
ſeen diſcouraged by the ſcholaſtical Jargon! A Me- 
thod that is altogether gloomy and diſguſtful, can have 
no other Effect, but to make us abominate all Schools, and 
ſhun all ſcholaſtick Audiences. There is a Kind of People 
in the World, who will talk of nothing but extending our 
Reaſon, and increaſing the Vigour of the human Under- 
ſtanding You would be apt to think, on _— theſo 
great Promiſes, that they are Genius's of a more ſublime 
Natare than the Generality of Men, and their Under- 
my much ſtronger than ours. Their Art conſiſts 
in confining themſelves within a Set of dry Notions, 
altogether void of ſenſible Ornaments; in never having 
recourſe to Memory and Erudition; in deſpiſing the Elo- 
quence of Images, and the leaſt Aſſiſtance of our Imagina- 
tion; as if ſound Reaſon was inconſiſtent with good I aſte. 
We ſhall ſee, I hope, when we come to what conflitutes 
ſound Logic, that the Health and good Conſtitution of our 
Underſtanding can never confiſt in Abſtractions of this 
Kind Thoſe who fancy that they render it more vigo- 
rous and ſolid by this Means, do but extenuate and infinite- 
ly impair 1t, as they ftrip it of the Supports God intended 
it ſhould always reſt on: And though their Meditations 
ſhould lead them to ſome kind of Truths, they are either 
perfectly uſeleſs, or Thoughts that will only glance upon 
the Mind without ever entering into them. [he three 
ſhort Chapters that compoſe the Sermon of our Saviour on 
the Mount, have done more Good to Society in illuſtrat- 
lag a few luminous Maxims, by very lively and affecting 
Images, than all the Logics in the World, and have con- 
yeyed more Light and Exactneſs among Men than Lecke's 
long, tedious, ſoporating Metaphyſics on the human Un- 
derſtanding ever did, or could do. A great many learned 
Men have, in all Ages, committed the Miſtake of ſepa- 
rating Things which God had moſt ſtrictly united in Man, 
and of attempting to improve one ſingle Faculty of his, by 


ſeparating t from the others, whoſe Company is its Help 
and Perfection. : 


Our 
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Our Reaſon, which they promiſed to render able to 
judge and enquire into every Thing by Help of their Rules, 
is not more obliged to explain and define, than it was aps 
pointed to underſtand every Thing. It may know God, a. 
Spirit, and a Truth, by a cautious Behaviour, from inward 
Senſe and Experience: Quærere Deunt fi forte attractent“ 
But whenever we attempt to ſay what Things themſelves 
are, there is indeed no Rule, nor any Abſtraction, or Medi- 
tation that can or will then aſſiſt us. It is a moſt fruitleſs 
Attempt to pretend, as Metaphyſicians do, to let Reaſon 
into the Secret of Beings: God has reſerved that to him- 
ſelf. Ordinanly it is enough for us to know them from 
their Effects, from their Relation to our ſeveral Senſations 
or Wants, and even from their Reſemblance, in ſome 
ReſpeCts, to other Effects already known. It is then no 
Wonder that Images ſhould be ſo very convenient to us, 
when we are deſirous to diſcourſe upon them. 

Would we ſpeak of God, we may do it according to the 
moſt ſublime Reaſon, by conſider. ng him as a Being which 
is the Principle of all Beings, as the univerſal Cauſe, in 
which Power, Liberty, and Order reſide. Theſe Notions, 
although they are very far from making us comprehend 
what the Nature of God 1s, yet are infinitely juſt and true. 
But, as they are abſtruſe, and not eaſily perceptible, they 
never can affect us ſo much as thoſe of a Father, and a 
Judge. The latter are very fit to affect the Multitude to a 
good Purpoſe, and, as well as the former, having nothing 
in their Meaning but what is of the utmoſt Frutà and So- 
lidity. The Neceiity we are under, at preſent, of living, 
not indeed with pure intellectual Beings, but among Bodies, 
and dependent on a Croud of corporeal Ties, renders the 
Services of Imagination abſolutely neceſſary to our actual 
Condition. Imagination ſpeaks to us of Things, not con- 
formably to what they are in themſelves; which is but of 


little Signification to us at preſent; but according to the 


Concern we ought to have in them. For Inſtance; Is it 
not of infinitely more Concern to us to love our Father, 
and dread our Judge, rather than to meditate upon the be- 
ing per /e, and the being per accidens ? The purely philo- 
ſophical Reaſon, even when it commits no Errors, iuſtructs 
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but little, as it is but little attended to; and its Advices 
can never be of Service to us, without the wiſe Imbelliſh- 
ments of Imagination. 
On the other Hand, and in Conſequence 
The Dangers of the Remark already made on the Neceſ- 
attending ſity of the Concert of all our Faculties, Ima- 
Imag:natio 3, WO” 3 
gination, which is ſo lovely when in Com- 
pany with, and under the Direction of Reaſon, would in- 
tallibly lead us aſtray if it was alone, or did pretend to 


aſſume to itſelf the firſt Rank. There may be ſomething 


falſe or exceſſive in the corporeal Images it preſents to us, 
and its Eictures, when not regulated, will degenerate into 


Extravayance. Reaſon and Imagination muſt then always 


walk Hand in Hand, and in a conſtant Correſpondence, 
But in what does that perfect Harmony and Agreement 
conſiſt ? Reaſon muſt ſtedfaſtly adhere to ſuch Truths as 
are juſtified by Experience, and always reſerve to itſelf the 
Choice of what it ought to preſent to our Underſtanding, 
and thoſe Images which 1t may think proper to call to its 
Aſſiſtance: Whilſt Imagination, lending a modeſt and 
ever obſequicus Hand to it, makes it its Study to render 
the Inſtructions of its Miſtreſs more affecting, without 
being itſelf too preceptible 

It is this perfect Subordination of Imagination to Rea- 
ſon, that renders Eloquence energic and prevailing; that 
gives Poetry its Fire and Pictures; that conveys Variety 
and Unaffectedneſs into Converſation, and never fails to 
render all our Arts and Talents equally pleaſing and ſuc- 
ceſsful. | 
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Proved by his Memory. 
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11 is not the only Help, wherewith God was 

pleaſed to ſtrengthen and adorn our Reaſon. He added 
Memory to it, and has, by this new Faculty, ſtill better 
characteriſed the Vocation of Man, who is appointed to 
take Notice of whatever paſſes upon the Earth, and keep 
a Regiſter of all, becauſe he preſides over all, and is to 
apply every thing to its ſeaſonable and proper Uſe. 

The Animals are not without ſome Kind of Memory. 
Thoſe who are to live independent and provide every 
Thing for themſelves at a Diſtance, and without requiring 
any Aſſiſtance from us, eaſily diſtinguiſh the Avenues of 
their reſpective Haunts, and tie Marks of all the Things 
that concern them. Thoſe who are to remain near Man, 
and be perpetually at his Command, know his Habitation, 
Features, and Voice. They accuſtom themſelves to what- 
ever he requires of them, and are ever ready to execute his 
Orders upon the firſt Signal. But their Memory 1s limited 
within a very ſmall Compaſs of Functions and reiterated 
Signs, which are the ſame over and over. If you take 
them out of that, you no longer find any Senſibility or 
Reminiſcence in them: But the Memory of Man is in a 
Manner as extenfive as Nature itſelf. It is a vaſt Repoſi- 
tory, wherein he ranges the Names and Situations of the 
Stars, and the ſucceſſive Diſplacings and critical Returns of 
the celeſtial Bodies, at ſuch and ſuch Times and Points. 
He finds again there the Names, Features, and Profeſſions 
of ſeveral Thouſands of his Fellow-citizens exactly titled 
and regiſtered. He will ſhew you there, if Occaſion re- 


quires, not only the Streets of a large City, but _ = 
abi- 
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Habitations in the World, that have been famous by re- 
markable Events, by deiirable Productions, or by a vaſt 
Reſort of Traders of all Kinds. His Memory keeps for 
him, in the beſt Order, the Names, Figures, and Proper- 
ties of Animals and Plants, and of whatever has a Form, 
or is of conſtant Uſe in Nature. He ſees there the Names. 
and Services, of the numberleſs Inſtruments that will help 
his Hand to Work the ſeveral Riches of his Abode. His 
Memory is a faithful Journal, wherein he ſums up the 
whole Series of his Life, and runs over a Crowd of Events 
he has been a Witneſs to, in order to draw from them pro- 
per Models for the Regulation of his Conduct. The a- 
mazing Variety of the Objects he collects in his Memory, 
is ſo far from occaſioning any Confuſion there, that his 


Faculty of recalling to his Mind the Things he ſees no 


more, is always ſtronger in Proportion as he exerciſes it 
oftner. His Memory may, if he pleaſes, embrace the ſe- 
veral Pieces that compoſe the Life of Mankind in general. 
It entertains h.m very agreeably with the Particulars of all 
Climates, and relates to him the Good and Evil that have 
been done from Age to Age. If it happens to deceive 


him, it is ſeldom for any other Reaſon, but becauſe he 


ſuffers it to be idle. The more he exerciſes, the more pli- 
ant and quick he finds it. | | | | 

The Monuments of the Hiſtory of each Nation have 
Bounds ; but the Memory of Maa has none. It will join 
one Hiſtory to another. What it has once admitted in 
good Order, (eſpecially when it retains it with the ſtrong 
Ties of Reaſoning and Pleaſure) is a Depoſitum it preſerves 


for us all our Lives, 


What I wonder at moſt of all, is the Perſpicuity that is 


maintain'd among theſe Images, which no Length of 


Time, nor any Luxuriancy, can poſſibly efface or embar- 
raſs. Somebody ſhews me the Picture of a Man, whom:L 
have not ſeen for Twenty Years together. I immediately 
find a great many Faults in it. I do not think it altoge- 
ther unlike the Original: But the Mouth is too wide; the 
Contour of the Face is too much upon the round; the Eye 


is too full, and looks ſad. Thoſe who have lived with the 
Man I ſpeak of, find that I judge right of the Picture. 


Pray, where is the Rule that fixes my _—_— ? Where 
ure? It is ano- 
ther 
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ther faithful and indelible Portrait, which the bare Sight 
of that Man has left in my Memory, and which a Million 
of other Pictures placed by the Side of it, cannot hinder 
me from diſtinguiſhing directly. Notwithſtanding this 
amazing Multitude of Images, which Man does not always 
ice, but which he keeps in Reſerve, to make uſe of occa- 
ſionally, he has Table-books beſides, wherein he now and 
then peruſes the broken Materials of his numerous Read- 
ings, and conſults Pieces that are leſs connected, and more 
dithcult to keep in Store, ſuch as the Terms, Idioms, 
Phraſes, and peculiar Delicacies of three or four different 
Languages. It is his Memory that ſupplies him ſeaſon- 
ably with the Diſcoveries of the beſt Genius's of every 
Age; with the raviſhing Strokes of the greateſt Orators and 
Pcets ; with the Reflectioas of Men, whom a lang Expe- 
r:ence has rendered perfect; in ſhort, with whatever he 
has been able to learn in Conſequence of his own Remarks, 
or by Means of the Works of others. 

When he is arrived at the Knowledge of certain Truths. 
by Reaſon, and has made himſelf ſure of the Acquiſition. 
of them by Experience; he depends upon his Memory for 
the keeping them. It is anſwerable for them to him. It 
lays them before him in proper Time, not with every par- 
ticular Proof of them, but in a compendious Manner, and 
by way of Concluſion. One ſingle Maxim, or even a ſingle 
Word, which it recalls to his Mind ſeaſonably, ſpares 
him much Study and needleſs Kepetitions. He finds there, 
at any Time, the Edict, or the Table of the Law, which 
is to be the Rule of his Operations and Conduct, in every 
Inſtant of his Life. 

How is it poſſible, that one ſingle Head ſhould ſet in 
Order this amazing Multitude of Ideas, ſo very wide from 
each other, and not the leaſt Trifle be miſlayed in that 
Magazine, provided it is only reviewed now and then.? 
There, as well as every where elſe, it is the Eye of the 
Maſter that keeps every Thing in proper Order. 

But he experiences in his Memory, a Kind of. Conve- 
niency, never met with in common Magazines. It is a 
general Cuſtom in the latter, ſometimes to diſplace and re- 
move a great many Things, in order to find what is looked 
tor. You muſt at leaſt read the Tickets, to know what 
vou are to fix upon: Whereas it is the Reverſe in our Me- 

| mory. 


son . 


mory. If Man is willing to make Uſe of what he has 
ſeen or tried, that has a Relation to the Object that fills 
his Mind; this * Intention of his, does the Buſineſs at 


once: For, inſtead of being then obliged to run over and 
eruſe the Table- books, in order to find his Ideas there, it 
is the Ideas themſelves that come and offer to him of their 
own accord. The others, at the ſame J'ime, keep at a 
Diftance. That which immediately concerns him, after 
| it has miniſtred to him, diſappears in its Turn, though 
1 ſtill ready to ſhew itſelf again, upon every new Command. 
11. What can be the Corner of the Brain that ſerves them for 
j | a Retreat? Nay, what Relation is there between Ideas and 
; i 
j 
| 


a Brain? What Veſſels, or what Streams of Spirits, can 
poſſibly aſſiſt theſe Ebbings and Flowings of Thought! 
What is it can awake them from a long Sleep, and imme- 
K diately lull them into it again ? What can animate all 
wo thoſe Services with ſo much Variety and Expedition ? How 
|. can the Brains contribute to Operations of ſo ſine and ſub- 
til a Nature? Are theſe Things then only in the Mind; 


0 q in the pureſt Intelligence ? Can you let us into that Secret, 
116 ye great Philoſophers, that have ſtudied and ſifted Man to 
My the Bottom ? Here you ſcorn to dwell upon the Goodneſs 


1. of the Gift, or the Intention of the Benefactor: For you 
1 think that no Philoſophy. Of all the Faculties that help 
. our Thoughts, Memory is, in your Opinion, the groſſeſt 
. and the moſt material It is eſſentially no more than a 
1 Matter apt to receive a Variety of Impreſſions. What pro- 
1 duces Memory, is only a Stream of Animal Spirits, which 
| | imprint their own Stamp more or leſs deeply in that Mat- 
| 140 ter, according as they are more or leſs abounding. They 
11 form a Picture there; and when new Spirits run into the 
We ſame cngraved Strokes, the ſame Images offer themſelves 
19420 to * Mind again. Nothing can be more plain or na- 
„ tural a 
| From the poſitive Manner in which you thus explain 
yl [1 yourſelves, one would be apt to think, that you have at 
1 your Diſpoſal theſe Animal Spirits, the very Channels 
15 thro* which they run, and all the Veſſels that convey them. 
As if you could diſſect Memory. But, 'tis all Illuſion. 
When I talk of the Superiority which Memory gives to 
the human Underſtanding, over that of the Animals ; 1 
ipeak, tis true, as one whoſe Knowledge is but very nar- 
row, 
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row, ſince I only ſay what I know, and what every Body 
may very eaſily know of the Matter; but this Obſervation 
of mine 1s at leaſt connected with Realities, and may work 
up6n the Mind, by filling it with Gratitude : Whereas 
when you materialize Memory, and learnedly articulate 
the Eſſence and Operations of it; you talk with Confidence 
of a 'Thing which you have no certain Idea of; and by 
that Means leſſen the Eſteem which one might otherwiſe 
have for your Diſſertations. 

You know that the Rays of Light, being reflected from 
the Surface of Objects, paint the Image of the latter at the 
Bottom of the Eye. I will allow you to ſay (although 
you know nothing of it) that another ulterior Image of 
them is immediately formed in the Brain: But, were you 
as ſure of that as you are uncertain of it, there would ve 
an Analogy, i ſuppoſe, between this laſt Image, and the 
ocular one; and as the Picture drawn by the Extrematies 
of the Rays, at the Bottom of the Eye, laſts no longer 
than the ſhaking of the optic Nerve, it will be the ſame 
with the Picture which is {aid to be drawn in the Brain, 
As ſoon as the latter ſhall ceaſe being ſhaken ; the pretend- 
ed Portrait which the pretended Animal Spirits had en- 
graved in it, will vaniſh. What Picture can then remain 
in the Brain? i 

Beſides; what can the Image of a Savour be? What 


the Length and Breadth of a Sound ? Could the Pencil of 


Pouſſin, or Raphael, repreſent the Smell of Jeſſamin, and 
diſtinguiſh it from that of a Roſe ? Has a Colour any Out- 
lines that can be delineated ? According to what Direc- 
tion muſt the Spirits ſtream in the Brain, there to draw 
the Purple rather than the Grain- colour. There is no 
Image but what has its Dimenſions. But the major Part 
of our Senſations, having no Lineaments or Dimenſions 
whatever; what can the Images of them be ? And when 
the ſhaking of the Organs is perfectly over, how can there 
remain in us any Character or Figure of them caſt in a 

Mould ? | | 
I will not ſay, however, that there remains in us no 
Footſteps of what we have felt or thought ; let People even 
affirm, if they pleaſe, that there remain in us Tracks and 
Images of all the Things we have experienced in the 
World, Theſe are looſe Words, that found indeed very 
learnedly ; 
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projecting, and executing, and of applying the Organs of 
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but which teach us nothing in this, any more than in a 
great many other Matters. They are tolerated, becauſe 
they are employed by way of Metaphors, and cannot lead 
us into any dangerous Miſtakes, But let us frankly own, 
taat our Memory, as well as our Imagination, our Intel- 
hgence, and all the 'Things within us, 1s a marvellous In- 
ſtrument, which we employ without underſtanding any 
thing of it; an Inſtrument the more uſeful, as it performs 
Wonders, without our being troubled, in the leaſt, with 
the Care of the Execution. Ihe only Thing we are al- 
lowed to underſtand clearly, in this noble Preſent made us, 
when we were endowed with Memory, is the manifeſt In- 
tention which the Creator had, to give Man Archives and 
Rolls, wherein he might depoſit all the Records, and keep 
a Journal of all the Chings he is concerned in. But to 
what Purpoſe has God given him Regiſters and Rolls, if 
net becauſe he deſigned Lim to be a Governor ? 


——_— 


Man conſider'd as GovRRNOR; 


Proved from the Extent of his Will, the Free- 
dom of his Choice, and the Direction of his 


Conſcience. 
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| Cc OD has not only rendered Man capable of Know- 


ledge, by inſtruci ing him ſufficiently concerning all 
the Objects that ſurround him, and by permitting him to 


inform himſelf of them more and more by new Eſſays and 


Trials; but he alſo allowed him the Liberty of appropri- 
ating the Uſe of them to himſelf: And, left he ſhould 
give himſelf over to Idleneſs or Trifles, he iuſpired him 
with a prevailing and unconquerable Deſire of being hap- 


py- Whach is the Spring and Principle of all his Actions. 


His Activity, which renders him capable of thinking, 


his 
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tis Body to a Variety of Works, might flag, 
and, from a State of Laſſitude, fink into = Will. 
perfect Nuabnelſs; if it was not kept awake 
by a Love of his' own Welfare. He is for ever in the 
Chace, and ſtops where he thinks he has found the Cauſe 
of his Happinels, Follow Man in all his Motions ; nay; 
in his very Indolence : You'll always find him ſetting out 
trom that Point. Let the Action you tee him do or avoid 
be hat it will, the conſtant Aim of his doing or avoiding 
it, is the procuring of his own Happineſs. his leads the 
Son of Philip from the Streights of the Helleſpont to the 
Granicus : This makes him pais from Afa into Mica, from 
Africa to Indus, and brings him back from the Indus to the 
Euphrates. This the Son of Pepi aims at, when he goes 
from France t Lombardy, and from Lombardy into Saxony. 
"Tis what the Son of Hugh Gapet has fixed his Heart upon, 
when he employs all his I'alents, and the whole I une of 
his long Reign, in making his Subjects happy by the main- 
taining of a durable Peace, and the reſtoring of Plenty 
in barren Years. It is the Hope of being happy, that ren- 
ders the Learned greedy of Diſcoveries, and the Ignorant 
fond of Trifles. The ſame Hope animates the Artizan, 
who ends his Shoulders to the heauvieit Burdens, and the 
very Thief, who ſeizes the Property of others in order to 
ſubſiſt without Labour. This Love of our Happineſs or 
Welfare is tuen the Ground of all our Deſires, and it may 
be looked upon as the univerſal Spring which all Men are 
actuated by. Therefore our Will is the ſame with our 
Love of Happineſs. | 
But, notwithſtanding our being propenſe 
to our own Happineſs, from a permanent Liberty, 
and unconquerable Impreſſion, yet we have 
{till the free Choice of the Means towards it. We ca 
our Eyes and Thoughts over all the Objects that ſurround 
us. The Pleaſure or Diſguſt which they give us, invite 
us to draw near or fly from them. Nothing in the World 
can either fill up or exhauſt the Capacity we have of de- 
firing and loving whatever can pleaſe us We may quit 
one Object for another, and go from Purſuit to Purſuit, 
from Project to Project, and from Trial to Trial. We 
may, likewiſe, from the bare Sight or Proof of one Good 
which offers itſelf to us, be ſenfible of its being abſolutely 
neceſſary, 
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neceſſary, or barely uſeful, or perfectly inſufficient, and 
accordiagly be ſtrongly inclined, or remain perfectly in- 
different to it. It is this Power of Election which we call 
Free-will, or Liberty. 

It may incline us, more or leſs, to certain Goods than 
to others, either by the Force of an Attraction that is pre- 
ſeat, or by the Ties of Habits contracted in Length of 
Time, or by an inward Conviction of having found the 
true Source of our Happineſs ; but in every one of theſe 
Caſes, our Liberty is neither immutable, nor deltroyed. 
It is never hurried away by any compelling Neceſſity, nor 
forced by any grievous Conſtraint. 

Hitherto, all the Faculties which we obſerve in Man, 
are ſo many finiſhing Strokes of the Image of the Almighty 
in him. That Liberty, above all, is the Characteriſtick 
of his Sovereignty. For, as the Lord freely does what- 
ever he pleaſes in the Univerſe, and rules deſpotick over 
the whole Univerſe, Man, likewiſe, has not only a Free- 
dom of acting or not acting, but has alſo at his Diſpoſal 
Animals, Plants, Foſſils, and every Thing within the 
Reach of his Senſes in his Habitation. | 

But, how much 1s it to be feared, that Gifts of this 
Nature will fill him with Pride, inebriate him, as it were, 
with his own Excellency, and make him leſs mindful of 
giving Glory to his bounteous Benefactor, than of purſu- 
ing his own, Will and Satisfaction every where, or ready 
to admire himſelf on Account of what has been beſtowed 
upon him! Will not God, who gave him but a limited 
Science, ſet Bounds likewiſe to this extenſive Dominion? 
Shall he permit Man to lay Hands on all the Productions 
of the Earth, without Diſtinction; to pull down, conſume, 
and make Property of what he pleaſes, without following 
any other Law but that of his own Fancy, or the Senſe he 
has of his own Strength! Here we are going to fee what 
God has inſeparably united to Reaſon, in order to render 
the Dominion of it moderate, and preſcribe a Rule to its 
Power, or keep its Deſires under Reſtraint. God made 
"SP POR Conſcience, and an inward Senſe of Order, 

the conſtant Companion of our Reaſon. 
It may then be ſaid again, in the trueſt Senſe, that it 
is with the Liberty of Man, as it is with that of the Al- 
mighty, The latter never exerts itſelf at random, So 
juitly : 
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juſtly : Wiſdom, and the Love of Order, are the Rule of 
all his Operations ; and it was in order to pive the finiſh- 
ing Stroke to his own Image in Man, that God rendered 
him capable of perceiving the Decency, the Proportions, 
the Moderation, Order, and Juitice, which ought to 
attend, or rather animate all his Works, Man makes 
no Step or Action, but what has its peculiar Aim or Pur- 
poſe ; and he is conſcious that this Aim ought to be juſt 
and honeſt, He knows he has an Inſpector, and a judge, 
that takes Notice of every Thing : and, leſt the Oblivion 
of God ſhould render Man unmindful of reterring his Ac- 
tions to their true End, or even capable of attempting 
every thing without any Diſtinction of Right or Wrong; 
God, together with the Senſe of what is good and honeſt, 
has placed at the Bottom of his Heart the Warning of his 
Conſcience, with Regard to which, Man may ſometimes 
lull himſelf aſleep, but which will not ceaſe, nevertheleſs, 
to ſpeak to him, and is a Faculty as imperiſhable as his 
Free-wall, becauſe 1t 1s equally the Work of the Creator. 
If Conſcience has not always the Power over Man, to 
make him forſake his perverſe Habits, or put a Stop to 
the Effects of them; it diſturbs him at leaſt in his ill Frac- 
tices : It forewarns him: It reſtrains him in the Middle 
of his Exceſſes. He carries every where within h m, not 
only a Witneſs of all his Actions, but alſo a faithful Moni- 
tor, or even an impartial Judge, who commends him for 
all the Good he does, and unmercifully condemns thoſe of 
his Proceedings which are contrary to Juſtice or Truth. 
Whatever is true, juſt, becoming, lovely, or praiſe-worthy, 
his Conſcience ſecretly extols the Merit of it in his Eyes, 
and excites him to the Practice of it. Whatever carries 
with it the Face of Falſhood and Injuſtice, of Meanneſs 
and Indecency, of Unhandſomeneſs and Diſhonour, he 
never can conſent to it without being immedia ely re- 
proached with it by his Conſcience. Its firſt loud Cry pre- 
cedes the bad Action. If he then executes his ill Purpoſe, 
he does it with Anxiety; and, if poſſible, in the Dark. 


Or if the Voice of Conſcience is ſilenced by the Tumult of 


Paſſions that hurry him away; Conſcience, notwithſtand- 
ing his apparent Contempt of Juſtice at that Moment, will 
ſoon — him for it, by reminding him of his paſt Vil- 

| lainy : 
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lainy : It gnaws him inwardly, by expoſing before his 
Eyes the Detail of his Violations of the ſupreme Order, his 
inmoſt Intentions, the true Motives which he had diſguiſed 
in his own Mind, and every one of his moſt ſecret Motives 
and Concerns. 

This Cry of Conſcience is heard every where: It is the 
ſame in all Ages, and among all Nations. The Abhor- 
rence of Vice, and Apprehenſion of tranſgreſſing Order, 
have taken Place before all Laws, which are only more or 
leſs extenſive Expreſſions of a common Law we all of us 
carry within ourſelves. Edits and Rules were as yet un- 
known at Athens and Rome, when Theft, Adulterv, Infi- 
delity, and 'I'yranny were already deteſted there. All the 
Hiſtories that are now left of the moſt celebrated Nations 
or Men, are a Series of Upbraidings againſt Vice, and of 
Applauſes beſtowed on Virtue, What can that Concern 
be with which we read the Narration of Things ſo very 
foreign to our Manner and Affairs? It is indeed nothing 
more than the ſecret Judgment which our Conſcience pal- 
ſes upon them. 

Learning, Force, Induſtry, Eloquence, and all Talents 
in general, have been every wkere praiſed. They have 
been looked upon by all the World as an Emanation of the 
Divine Eſſence, or as a happy Participation of its Favours. 
But that which has at all Times been thought the Imita- 
tion, and the moſt perfect Communication of it, can be 
nothing but Virtue, 

Man may improve his ſeveral Talents ſeparately and 
without ruling his Affections. He may be a good Pilot, or 
an excellent Carpenter, without being a good Man. But 
the Love of Order regulates the whole Man without Ex- 
ception. The Rectitude of his Will communicates itſelf to 
all his Faculties. It wall not ſuffer any thing uſeleſs in him, 
and ſtedfaſtly improves all and every Part of his Govern- 
ment. Ihe love of Order is then what brings him nearer 
to the Perfection of the Almi hty; and a conſtant Virtue, 
I mean a conſtant Obequioutnels to the Dictates of our 


Conſcience, and our natural Senſe of Right and Wrong, is 

the moſt lovely, and the moſt ſublime of all Things. 
Such 1s the Sum of thoſe of the Prerogatives of Man, 

which offer firſt to the Mind: Such are the firſt Charac- 


teriſtics 
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teriſtics of his Reſemblance with God. If God has done 
even much more for Man: If he has prepared for him a 
State of Perfection incomparably ſuperior to what we have 
ſeen ; it will then be Time enough to examine and en- 
quire into our Hopes, when we come to his Quality of 
Worlhipper, and the Privileges annexed to that Quality. 
But his Government 1s ſo honourable a Poſt, that we ought 
not to be contented with having ſeen it only in a general 
Manner. It is both juſt and delightful to know the Ex- 
tent, the Obligations, and the happy Effects of it. Let us 
all of us Jearn the Art of governing. 

The Execution of whatever Man directs and produces, 
depends upon the Ideas and Rules which he has made 
himſelf ſure of by ſufficient Trials, in order to form the 
Body of his Science of them. Let us now, with ſome Lei- 
ſure and Care, diſcourſe upon the fineſt Inventions of Man, 
We ſhall lay afide pretended Sciences, 1maginary Know- 
ledge, ſtately Reſearches, and all the Promiſes of Difco- 
veries that have proved abortive. We ſhall ſtill more care- 
tully ſhun that gloomy kind of Metaphyſics, which takes 
upon it peremptorily to decide every Queſtion, becauſe it 
(an create Difficuities upon every Thing. An unhappy 
Fruitfulneſs this, which ends commonly in rendering in- 
tricate, and at laſt eclipſing the Dignity of Man, ſo as 
to wake him, like the Beaſt and the Inſet, no more 
than the vile Inhabitant of a lurking Hole, a Den, or a 
Hive. | 

We ſhall take for our Topick that Science which is moſt 
known and general; that which borrows its Praiſe from 
its Effects; that which procures on Earth ſome real Good 
which Mankind is actually poſſeſſed of; that, above all, 
which commands and encourages all the Works of this 
Life from the ſenſible Conviction of one to come. I am 
perſuaded, my dear Friend, that you approve very much 
of this Choice of mine, and that I need not make any 
Apology for it. What I here promiſe you, may be called 
te Hiſtory of Reaſon. I ſhall not ſwell it with the con- 
tradictory Opinions of the Philoſophers, becauſe I pro- 
miſed you, from the Beginning, to follow Man; not in- 
deed in his Errors and Miſtakes, nor in the Attempt he is 
unequal to, but in that alone which is truly noble and va- 
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luable in him. I rank in this Claſs the real Improve- 
ments of. his Underſtanding, and thoſe experienced Me- 


thods by which he learnt how to govern every T hing up- 
on Earth. 
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| 2 I preſent you here, Sir, with a Logick different from 


all the Logicks you know; it muſt needs be becauſe I 
look upon it as a good one. But when J praiſe it with 
{ome Confidence, it is only becauſe this Logick is none of 
mine; it is becauſe J had it from all the People of good 
Senſe who in paſt Ages, as well as in this, have difſtinguiſh- 
ed themſelves from the reſt of Mankind by an Accuracy 
and Judgment univerſally acknowledged and applauded, 

There are a great many Things true and well grounded 
in Ariſtotle's Categories, in the Os ganum of Chancellor Ba- 
con, in Deſcartes's Meditations, in the Logick of Clauberge, 
in the Art of I hinking of Port-Royal, in Crouza's Syſtem 
of Reflections, in Locke's Eſſay on human Underſtanding. 
But, the good happens to be mixed there with Reſcarches 
which the moſt judicious of theſe Authors generouſly ad- 
viſe us to omit, as not being very neceſſary. In the above- 
mentioned Mcditaticns and Eſſay, the Good proves to be 
mixed with Hopes and Promiſes which the Event has de- 
monſtrated to be frivolous * : Nay, very often with Thoughts 
fitter to lead us aſtray, than to regulate our Conduct. TW o 
or three Inſtances of the latter Kind will ſuffice to give 
you the Notion of a Logick which Mankind may very well 
do without, 

* Sce Iliſtory of the Heav, Vol. 2. 
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« *Locke maintains, that whatever is inconſiſtent with 
« ſuch Deciſions of Reaſon as are clear and ſelf-evident, 
*« ought not to be inſiſted upon, or admitted as Matter of 
« Faith.“ | 

Here is then, firſt of all, the diſcerning of what we are 
to reject or receive in Point of Faith aſcribed to Reaſon, 
as the peremptory Judge of the Matter. Hence the final 
Judgments of all thoſe clear-ſighted Reaſons, which, tho? 
they never ceaſe to contradict one another, yet if you will 
believe them, never utter any but clear and ſelf-evident 
Deciſions. þ 

The Maxim here given us for the Rule of our Chriſtian 
Profeſſion ſeems not to be very fit to make Christians. 
When uttered by a Man who gave himſelf once for ſuch, 
how can it be made to agree with St. Paul, who will have 
us captivate our Underitanding, and bring it under the 
Yoke of Faith, and admit of the Sacrifice of a Meſſiah up- 
on a Croſs, although our Reaſon judges it a Madne/, that 
is to ſay, a Tenet inconſiſtent with what Men fancy to be 
perfectly clear and even ſelf-evident. 

St. Paul, 'tis true, will have our Obedience to Faith be 
reaſonable, becauſe nothing is ſo reaſonable as to keep to 
the Certainty of ſenſible "Teſtimonies, and of Facts of 
which the Proofs are in our very Hands, and before our 
Eyes. But St. Paul, nor any of the firſt CHriſtians, ever 
acknowledged Logick which ſubmits Faith to the Deci/forrs 
of Reaſon. Their Logick, on the contrary, was to make 
themſelves ſure of Revelation by the Concurrence of Wit- 
neſſes, and to look upon that Revelation as the Supple- 
ment, the Help, the Rule, and Glory of Reaſon. 

The ſame Locke advances with Juſtice, and according 
to univerſal Experience, that our Knowledge hes within 
a very narrow Compaſs : But he thinks us ſhort- ſighted fo 
far as not to be able to diſtinguith, by the Difference of 
the Sentiments and Effects, our Soul from a Body, as we 
very weil diſtinguiſn Air and its Properties from Water 
and Nitre by diſcerning their ſenſible Effects, although we 
have no manner of Knowledge of either of theſe three 
Bodies. Again, he thinks us dull to ſuch a Degree as 
not to know whether a Lump of Matter, a rough Piece 
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of Marble, a Pumpion, but above all a Body diſpoſed in 
the manner of the Brain (although he kn ws the Brain 
much leis than he does a Pumpion) might not have the 
Power of Thinking, Perceiving, Judging, and Reaſon- 
ing. This is a new Piece of Logick, ſtill liable to be 
controverted, and the Generality of Readers deny 1t not 
only as a diſputable Point, but even as a monſtrous Ab- 
ſurdity. | 

One is much ſurpriſed after that, that a Man who 
extenuates and materializes Reaſon ſo far as to confound 
it with a Lump of Mire, or a ſmall Vortex of Duſt, 
{hould dare to place that Reaſon upon a ſupreme 'Tribu- 
nal, there to judge peremptorily of our Faith, and de- 
termine what God ought, or ought not to have propoſed 
to us as Matter of our Belief, 

How ftrange ſoever that Chriſtianity and Conduct mult 
be that have ſach a Logick for their Rule; all we fall 
{ay againſt the latter is, that it is very far from being 
inconteſtable, and that this Logick, and all the others, 
are not abſolutely neceſſary. What we are now looking 
tor, is a Way of Reaſoning, that may at once ſpare us 
long tedious melancholy Studies, and lead us to common, 
and as it were palpable Truths, both in Point of Buſineſs 
and with regard to Sciences and Revelation. | 

We know a Multitude of Writers that are dead, and 
a great many People now living, that have acquired 
much Honour by an uncommon Exactneſs in Point of 
Reaſoning, and by eminent Succeſſes of all Kinds, with- 
out ever having ſo much as looked into the abovemen- 
tioned Logicks or any other Book of the Kind. Go 
and propoſe Rules and Methods to * that Counſellor, 
whoſe Eloquence is generally admired at the Bar, or to 
that Merchant, who has acquired a vaſt Reputation tor 
Judgment and Integrity: They will tell you that there 
15 no need of keeping them in ſwaddling Clothes, fince 
they know how to walk. But are thoſe excellent Genius's, 
who thus frankly own their being perfe& Strangers 
to Logick, altogether without Method? Far from it. 
Nay, we might make very good Methods and true Syſ- 
tems of Logick, by reducing into Maxims what we 
hear them ſay, or ſee them do. All thoſe who have 
thought right and met with good Succeſs in all Ages, 15 

the 


a 

; 
/ 
1 
7 


ee. 


G ior 


the Soundneſs of their Judgment, have had an excellent 
Logick. 

T is that Logick that governed the Execution of the 
Projects of Julius Cæſar, and diſconcerted thoſe of the 
Gauls, al gays at Variance with one another. 'Tis the 
fame that regulated the Precautions of Charles the Wile, 
and the Campaigns of the judicious Turenue. I'was this 
Logick which inſpired the great Cc/bert with the Taſte 
of good Eſtabliſhments : ? I'was that which guided James 
Cœur and Antony Crezat in the ſeveral Undertakings of 
their Commerce. *Twas the very ſame Logick that en- 
abled Horace, Vida, and L eſpreaux, to ſupply us with 
infallible Rules upon the Art of Writing; the iame, in 
ſhort, that guided Tully, Quintilian, and Rollin, in the 
beſt Things they have ſaid concerning Eloquence and the 
Culture of the Mind, If our great Miniſters, our {xilful 
Civilians, our famous Orators at the Bar, and our weal- 
thieft Merchants are able by Word of Mouth, or in 
Writing, to clear the moſt intricate Aﬀairs, and inge- 
niouſly to prevent the Conſequences of unforeſeen Acci- 
dents; 1t 15 only becauſe they reaſon well. Which is then 
their Logick ? If they have one, we need not have ano- 
ther ; that being at leaſt ſurer than any other. 

Every one is able to conſult printed Syſtems of Lo- 
eick, and to pick and chuſe the Good that may be in 
them. Put, left we ſhould take for Rules the falſe Opini- 
ons they may contain, or miſs the Truth out of Deference 
for celebrated Names, let us make ſure of that Logick that 
has formed or. guided all great Men. The whole of it 
may be — up in the following hiſtorical Maxim: 

All prudent Men that hade taken a wiſe Courſe aud made 
a proper Choice in Point of Science, Buſineſe, or Religion, ar- 
rived at the Knowledge and the Kind of Certainty which 
Juited their Situation; firſt, becauſe they built upon what was 
avell tried and ſufficiently aſcertained; and in the ſecond 
Place, becauſe they made Uje of what was tried and attefied 
70 arrive at what they knew not. 

Such is the abridged Hiſtory of their Prudence; and 
in ſome Senſe the Hiſtory of Reaſon. Such is in good 
Truth our uſual Logick, as well as that of paſt Ages. We 
may exerciſe ourſelves in it, and think of quite another 
thing than Logick. Every one in his own Condition learns 
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how to think right, by uſing himſelf to Obſervation, 
Reflection, and Reaſon, How many Officers and Ladies 
there are who daily arrive at a wonderful Degree of Ex- 
actneſs by this habitual Method, without knowing that 
it is a Method? 5 | 

We may make this a Kind of reflected Study, by pre- 
ſcribing to ourſelves a Number of Maxims, grounded 
upon the natural Bounds of our Underitanding, and the 
good or bad Succeſs of our Experiments. Ihe Benefit of 
this Logick wall be ſo far certain as it wall incline us the 
right Way, and confirm us both in the Enjoyment of the 
Advantages gener:lly granted to the human Under- 
ſtanding, and in the actual Exerciſe of our acquired Ta- 
lents. 

The firſt Part of the uſual Logic conſiſts in knowing 
what it is we underſtand by a weil tricd Matter of Fact 
the ſecond conſiſts in knowing how we ought to paſs 
on from known to unknown Truths. There is no need 
- any Maſters or Books to ſucceed in either of theſe 
Foints. 


** 


wa * ” _ * * "x * 


PAST Tx. 
Ser ſiule Proofs, the ſure Foundation of our RKnow- 
ledge. 


HERE are numberleſs Queſtions, the Solution 
of which we vainly expect from God, ſrom Rea- 
ſon, from our Senſes, from all Nature and Society. We 
rever obtain any Anſwer concerning them; or if we 
fancy that Anſwers have been given us; other Speculators 
pretend that they have received quite contrary ones. Bath 
Parties exclaim and plead that they alledge none but the 
Deciſions, nay, the clear and ſelt-evident Decifions of 
Reaſon. Hence Diſputes and all their Conſequences, the 
leaſt of which 1s very often their Unprofitableneſs, or 
the Vexation of not knowing at laſt what to fix upon. 
Such is the Queſtion of the Species and Figures of the firſt 
Elements which Bodies are compoicd of. 
If there are Branches of Knowledge altogether ipac- 


ceſſible to us, ſhall we attempt to force a Paſſage that way ? 


Let 
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Let us rather- conſent to renounce 1t without murmuring. 
But, if there is a Kind of Knowledge that we can attain 
to, and lay hold of as it were with our Eyes or Hand, 
that will be our Lot, and will become dearer in Propor- 
tion, as it is more uſeful to us. Now, what ſurer Sign of 
an eaſy Acceis to any Truth can we have, than the ſen- 
ſible Experiment we may make of it, or the never- failing 
Effects that correſpond with it. That Experiment is a 
ſurer Mark to diſcern Truth by, than the Touch- ſtone is 
to diſtinguiſh Gold from any other Metall. 
Doubtleſs God might have buſied us upon none but 
purely intellectual Subjects, or have laid every Truth 
open before our Eyes without Clouds or Myſtery, without 
any Relation to ſenſible Objects, or any corporeal Mixture 
whatever. But he has not done it: And who ſhall dare to 
ſay to him, Why didſt thou not place me at once 
„in the Sphere of the fpiritual Intelligencies? When 
« thou lodgedit my Soul in tins material World, didſt 


thou propoſe to degrade or fling it into a Lump of 


«© Maire?” Let us look with Scorn upon theſe unworthy 
Murmurers, who diſhonour their Reaſon by Blaſphemies, 
much more ridiculous than dangerous. 5 

It was not without ſome very great Views, that 
God thought it proper to bind up our Minds with ſo 
many different Ties to the material Objects that ſurround 


us. He has thus effected his ſet Purpoſe, which was, 


that we ſhould make part of this tranſitory Society, to 
ſupply.the Matter of our Works and exerciſe our Virtue, 
in Expectation of another Society, which he at preſent 
gives us but the Hope and Foretaite of, In all the diffe- 
rent Helps wherewith his bountiful Providence has 
deigned to honour and aſſiſt Man, ſuch as his Senſes, 


Reaſon, Conſcience, the Hope of a better State to come, 


and the ineſtimable Gift of Revelation; God proves 
invariably faithful to his Plan, which was to link Man 
with Man, and hinder them from going out of that So- 
ciety, by rendering it neceſſary to them, for the Supply 
ot their reſpective Wants, for the learning of general Truths, 
or thoſe neceflary to our Salvation. 

He makes them experience at the Bottom of their 
ſound Reaſon Glimpſes of 'Fruths, which are only hinted 
to them, and Deſires of Perfection, that fill them with 
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Activity. But if they are too deſirous to get out of the 
Dark, he leaves them in it; it is in the Society of other 
Men, that they look for and never fail to find the Foot. 
ſteps of all neceſſary Truths. As God was not willing 
that they ſhould accuſtom themſelves to a Way of Think- 
ing and Acting, that would make them a ſet of proud 
Logicians, of ſelf-conceited Wits, of ſcornful Man-haters, 
tond of living retired, and far from the common Occupa- 
tions of Mankind; He cauſes their Uncertainty to in- 
creaſe, aad their Darkneſs to redouble in Proportion, as 
they ſtrive more and more to raiſe themſelves above 
their Senſes, into the Region of what is purely intel- 
jectual. All thoſe who have attempted to ſoar up ſo 
high, fell to the Ground moſt ignominiouſly: Whereas 
God procures a true Senſe of 'Things, Security; and the 
Enjoyment of their Effects to thoſe who ſtedfaſtly con- 
fre themſelves to ſenſible Experience. 

You will not ſuſpect me, my dear Friend, of Meaning 
by this affecting and ſenſible Experience, peculiar Fancies, 
Chimera's, Raptures, and perſonal Evidences, which are 
luminous to none but ourſelves. We ſhall avoid, with the 
utmoſt Care, the Behaviour of Fanaticks and Enthuſiaſts; 
who miſtake the Sickneſs, or Diſorders of their own 
Brain, jor ſo many Communications of the Divine Spirit, 
or their peculiar Fancies, for the Dictates of Reaſon. 
It was, on the contrary, in order to preſerve us from theſe 
imaginary Illuminations, and to warn us againſt all pre- 
tended Evidences, and deep Sciences, that God ſubjected 
us to a common Method and Courſe, by making our Cer- 
tainty, and our well grounded Security, to depend upon 
the Experience of our Senſes. 

I call ſenfible Experience or tried Evidence, that which 
manifeſts itſelf by an uniform Impreſſion in the Operations 
of Men, and which correſponds with our Ideas, by never- 
fa ling Efſects. 

1. Such is, in the firſt Place, the Impreſſion which 
Numbers, Proportions, and Meaſures, make upon us. 
They are Relations that prove the ſame, and are per- 
ceived and conſented to every where, We never queſtion 
any but choſe that are too complex. 

In China, as well as in France, the Gardener who 
cauſes a ſtretched Line to turn round a Pin ſtuck in the 

Ground, 
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Ground, and the Geometer, who makes one of the Legs 
of his Compaſſes turn round the other Leg, fixed to a 
Point, are botli equally ſenſible, that all the Points of the 
Circle drawn, are at the ſame Diſtance from the Centre, 
becauſe that Diſtance in a ſtreight Line is always either of 
the Length of the ſame Line, or of the ſame Opening of 
the Compaſſes. It is experimentally and univerſally true, 
that the Diſtances in a ſtreight Line, that tally with a com- 
mon Meaſure, 'are equal to one another. God alone con- 
tains this and all other Truths, ſince they are as immu- 
table and eternal as he is himſelf. In what Manner he 
ſhews them to us, I indeed know not: But it is his Will 
that our Senſes ſhould put us in the Way of perceiving 
them. I know not how they affect my Mind, or be- 
come viſible to 1t : But all Men conſent and agree, that, 
their Senſes make this Truth palpable to them, that Di- 
ſtances in a ſtreight Line, that are equal to common Mea- 
ſure, are equal among themſelves. | 
2. Another Kind of univerſal Impreſſion, that proves 
the ſame every where, is the inward Senſe we all of us. 
have of our own Thought, of our Body, and thoſe that 
ſurround it, of that undeſignable Power, that communi— 
cates to us with ſo much Elegance and Order, the Percep- 
tion of one and the ſame Sun, of the ſame annual Revo- 
lutions, and of the ſame Univerſe. Is there any one of 
us that has not a thorough Senſe of the Thought or Reſo- 
lution that fills up his Mind, and of that active Principle 
that renders him Maſter of his own Body ? Who is the Man. 
that willderiouſly doubt the Exiitence of his own Body, or. 
that of the Earth and Heavens? Where is the Perſon that. 
does not feel the Influence of that ſupreme Cauſe that 
makes upon us, and in ſpite of us, conſtant Impreſſions 


that are regularly repeated? Let us be willing or not, to 


call that Cauſe by the Name of God, we do not receive- 
tis Favours a whit the leſs for that, nor are we leſs con- 
{c10us of his Influence on us, and of our Incapacity of a- 
voiding that Influence: 

Let us diſperſe all the Inhabitants of Paris, a Million 
of Men, all over the Plain of Grenell“ The Dome of. 
tne Invalids acts upon none of them, and yet there is r.om. 
to think, from the uniform Manner in which. they ſpeak. 


A vaſt Plain near Par;s, 
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of it, that they all ſee it in the ſame Manner, even to a 
Man, and that one and the ſame Cauſe affects them all 
round, with the very ſame Dimenſions and Colours, in 
ſhort, with the ſelf-ſame Perceptions. A few of them 
only, that are more ſkilled in the Practice and Diſcern- 
ment of Proportions, will perceive apart, and eaſily make 
the others ſenſible that there is not Symmetry and Har- 
mony enough between the Maſs of that large Body, and 
the Slenderneſs of the Piramid that terminates it; between 
that magnificent Support, and the ſmall Spire it ſuſtains. 
Such are the Ideas that ſtrike and make them all unite in 
one Opinion. That Dome has no Power over them. 
There is then a Cauſe which uniformly imprints upon 
every one of them regular and conſtant Senſations, that 
make them ſpeak in one and the ſame Manner. Let that 
Cauſe be called God, or have any other Appellation what- 
ever: It exiſts: It acts powerfully and regularly: It 
communicates itſelf to that Million of Souls, and is the 
true and only Bond that can thus unite them together. 

Thoſe Ten hundred thouſand People, are then equally 
ſenſible of their own Perception, of their own. Body, of 
the other Bodies around it, and of that identical Cauſe 
which operates in them, and in Spite of them, that Uni- 
formity of Perceptions at the Appearance of all thoſe 
Maſſes that are deſtitute of Life and Action. 

Thoſe who are deprived of ſome one of their Senſes, for 
Inſtance, of Sight; have no manner of Notion of what has 
thus affected the others in this Plain. Although, therefore, 
there is a common Principle of theſe univerſal Impreſſions, 
that Principle does not generally communicate them other- 
wiſe than by means of the Organs of our Senſes. Whence 
it follows, that our Knowledge increaſes and diminiſhes, 
Hand in Hand, with our Senſes. 

3. There is a third and univerſal Impreſſion of the 
Influence of God, upon us, viz. the Knowledge which 
Man has of the Injuſtice that would be done him by tak- 
ing from him either his Life, or the Means of preterving 
it, or the Enjoyment of the Fruits of his Labour, Were 
he alone on the Earth, he would not ſo much as think of 
theſe Things: But, being here with others that can hurt 


. and wrong him, the Injuſtice he is afraid of informs him 
of the Injuſticę he might be guilty of againſt his fellow- 


Crea- 
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Creatures, Tis true, the Inſpection of the Meum and 
Tuum, is not the Speculation of Juſtice: But God mani- 
feſts the firſt Principles of Juſtice to Man, on account 
of his Wants, and by the -Miniſtration of his Organs. 
Nothing can be more wiſely eſtabliſhed than this Order, 
If Man was immortal, and had been placed in a Planet 
where he did not perpetuate his Species dy Marriage, he 
would have no Idea of the Excellency of Chaſtity, nor of 
the Turpitude of Adultery. - And really, why ſhould God 
impart to him Truths and Principles that would be of no 
Utz to him? On the contrary, it he was indowed with 
a ſixth Senſe, he would know a new Claſs of Duties that 
would regulate. the Uſe and condemn the Abuſe of that 
Senſe. It is then in a Manner relative to his ſeveral Wants, 
that Man finds himſelf inclined to the Obſervation of the 
immutable Principles of a Set of Morals that regulates 
his Condition A Man who becomes an Huſband and a 
Father, knows what he owes to his Wile and Family. 
How and where does he ſee the Principles of his Obliga- 
tions in Europe as well as in America? We indeed know 
it not: But, he ſees them becauſe he is a Huſband and a 
Father. 

Theſe Principles proceed from a common Source, as 
Colours do. God alone contains immutable Truths, 
and thews unchangeable Colours. But, if Man is de- 
prived of the Uſe of his Senſes, God does not commu— 
nicate to him a certain Claſs of Truths which other 
Men ſee, nor a certain Number of Colours which other 
Men know. Although then our Senſes can produce nei— 
ther Colours nor Truths, yet it is the Will of God that 
our ſenſes thould ſerve to make us perceive them. Our 
Senſes have not the Diſcernment of Truth in themſelves : 
But they turn our Reaſon towards that univerſal Truth 
which has Relation to the Things that ſtrice us We 
were made ſuch by the Creator : Sach is the Order of 
God himſeif. All we are to do is to follow that Order, wich- 


out ever loſing ourſelves in an Abyſs of Speculation con- 


cerning the Origin of our Ideas. Such a Study is far be- 

yond our Reach. | 
4. Beſides the Eſteem we ought to have for the ſeparate 
Advices we receive from every one of our Senſes, we can- 
not diſpenſe with obſerving and admiring how they mu- 
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tually help each other, and jointly contribute to make us 
arrive at the Knowledge of the Truths, that are of Con- 
cern to us. 

Man, very often, ſtands in need of knowing more than 
he can actually learn by the Aſſiſtance of his Eyes. He 
would fain be informed of what paſſes beyond the Reach 
of his Sight, or be acquainted with the Tranſactions of 
remote Ages. He is ſometimes at a Loſs how to diſcern 
what is juſt from what is not ſo, as the Caſes he is in are 
more or leſs complex, and the Application of ſimple Rules 
more or leſs puzzling and intricate. He withes for, and 
has already a Glimpſe of a Life, wherein Vice and Virtue 
may be requited in a Manner altogetter different from 
what they experience here below. God has provided 
Means to relieve him of all his Perplexities. His Senſes 
help him to learn what his Reaſon does not teach him : 
What one of his Senſes cannot tell him, he diſcovers by 
Means of arother. Many of his Senſes, will often com- 
bine their various Advices towards finiihing his Convic- 
tion. But when neither his Reaſon nor his Eyes can in- 
form him of what paſtes in other Places, or of what was 
tranſacted formerly, his Ear comes to his Aſſiſtance, and 
inſtructs him of every thing by Recitals, Atteſtations and 
Embaſſies: Nay, his Eye, his Ear and his Hand, will 
oſtentimes witneſs the ſame Things to him. 

Thus is Man indebted, not indeed to bis Reaſon, but 
barely to his Senſes, and above all to his hearing Faculty, 
for the Knowledge of what is of Concern to him in fo- 
reign Countries, and for the Knowledge of Hiſtory. His 
Ear, in ſhort, is the principal Organ by which God in- 
ſtructs him in the revealed Morals, and in all the Truths 
that fix his preſent State, and procure his Salvation. 
Doubtleſs our Eyes, and with ſufficient Witneſſes, may by 
their combined Authority, give a new Sanction to the 
Atteſtations of our Ears: But, as a Legation is the Means 
by which we are informed of the Alliance a foreign 
Prince is diſpoſed to make with us, we have likewiſe been 
appriſed of what we are to believe or practiſe towards 
being ſaved by a ſenſible and immortal Embaſſy, that has 

zen directed to us te reveal the Things that could not be 
found in our Reaſon, | 


Wiſdom 


- Of Sciences. og 
Wiſdom and true Logick do not conſiſt in taking for 
our Guide and Rule, a Reaſon Which has no Knowledge 
of its own that can be ſufficient ; but in preventing the 
Miſtakes, and fixing the Anxieties of our weak Reaſon, 
by the Simplicity and Certainty of the ſenſible Means 
which God ſupplies us with, of ſtrengthening and ac- 
quainting it with every Truth that can be neceſlary, 
Let us make a ſhort Recapitulation of them. 
The Uniformity of Juch Relations and Meaſures as are con- 


flantly Juftified by an eternal Repetition of the ſame Effects. | 


The firſt of theſe univerſal Means, is the Source from- 


which we draw our ſpeculative and practical Mathe- 


matics. | 

The Senſe of our own Soul, of our Body, of other Bodies 
round it, and of that C auſe which conveys the unavoidable 
Impreſſion of them upon us all. The ſecond of theſe uni- 
verſal Means, is the Source from which we draw all the 
Knowledge we can poſſibly have of Nature, and a mo- 
deſt Metaphyſics, that diſtinguiſhes Beings by their re- 
ſpective Effects, without preſuming to penetrate deeper 
into them. 

The Senſe of what is due to us, and of what is reciprocally 
required of us by cur fellow Creatures. This third univerſal. 
Means is the firſt Source from which we fetch the Rudi- 
ments of Morals and Equity. 


Laſtly, the ſenſible Experience of thoſe Monuments, ard 


Teſtimonies, and that uninterrupted Legation, which from 
Day to Day brings us the good News of our Salvation. From 
this fourth univerſal Means of inſtructing all Mankind, 
we have the only ſound and ſolid Theology, and a full 
Knowledge of Faith and Morality, 

By thus referring to Experience and convincing Teſti- 
monies, the Study of Society, of Nature and Revelation, 
we fix our Reaſon in the Order which God himſelf has 
eſtabliſned. We proceed from Light to Light: We ar- 
rive at what is certain, and nothing 1s more capable than 
a Method ſo eaſy and ſo ſuitable to our Condition, to fill 


us with comfort in our Troubles here below, and with 


Security concerning the Choice of the Courſe we are to 
follow 1n our Search after 'Truth. | 

The firſt Part of our univerſal Logic will then conſiſt, 
for the Learned as well as for the Ignorant, in acknow- 
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ledging how weak our Reaſon is when deſtitute of Aſſiſ 
tance; and in acquieſcing in the tried Methods which we 
have received towards fupplying it with the Helps it ſtands 
in Need of. But theſe Methods muſt be applicd to their 
proper Uſes ; ſo that the ſecond Part of our Logic mutt 
of Courſe turn upon the Manner of imploying what we 
know already, to arrive at the Knowledge 51 what we 
know not. The firſt Part puts all Men indiſtinctly upon 
a Level; their Reaſon being equally dark and gloomy. 


But what diſtinguiſhes the good Logician from the com- 


mon Man, is the right Uſe of the ſenſible Means which 
Reaſ:n has received of procuring its own Inſtruction and 
Improvement; And in this Loyic, the moſt preſumptu- 
ous among the Learned always proves the unſitteſt to be- 
come a true Philoſopher, as his Perſuaſion of finding in 
his helpleſs Reaſon, what God forewarns him to look for 


ſomewhere elſe, is the directeſt Means {or him to miſs 
the Truth he inquires into. 


. | 
The Die of Senſible Means, and the Exerciſe of our 
Reaſoning Faculty. 


E Perceptions which we have of Things, and of 
their Qualities, what we experience from the Teſ- 
timony of our Senſes, what remains of that Teſtimony in 
our Imagination and Memory, in ſhort, all the Objects of 
our Thoughts are called Ideas. Theſe Ideas joined toge- 
ther, are the Pictures as it were, of the Things within 
and without us. They are true and well combined Ideas, 
when they anſwer exactly to the Things they repreſent, 
and have among them the ſame Order and Relations which 
are in the Things themſelves. For we compare many 
Ideas together, and we judge whether one is connected 
with or excluſive of the other. We likewiſe compare 
ſeveral Judgments one to another. We draw them near 
each other, in order to throw upon that which was ob- 
ſcure, the Light we perceive in another judgment that 
ſeems to have a Connexion with it: And we thus become 
by Degrees more and more certain of the Exactneſs of our 
Thoughts, in Proportion as we experimentally find the 
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Things themſelves ranged without, in the ſame Manner 
we have conceived them within us; or when we ſee our 
Conceptians juſtified by _— and conſtant Effects. 

Man may exert his reaſoning Faculty, either upon ab- 
ſtruſe and purely intellectual Ideas, or upon practical Ob- 
jects that are of common Uſe in Society. Here is a rea- 
ſoning of the firſt Kind. He knows not, for Inſtance, the 
Relation which is between the Quantity X and the Quan- 
tity A, nor the Quantity B joined to the Quantity C. But 
he knows on the one hand, that A more B, more C, is 
equal to D diminiſhed by the Quantity E. He knows on 
the other Hand, that D leis E is equal to Xx. Whence he 
infers that A more B, more C, is equal to X. 

„But theſe Reaſonings, which he makes upon Objects 
ſo very remote from the Senſes, are apt by their Coldneſs 
to chill his own Mind, and contribute but very little to 
render bim uſeful to others. Tis true, we are now con- 
ſidering Man by himſelf, and excluſive as it were, from 
the reit of Society. But he is preparing to enter into 
it: This is indeed his neceſſary Condition. He will then 
do very well not to learn the Art of Reaſoning, purely to 
know the Apparatus and Proceſs of Reaſoning; but he 
will learn the right Way of uſing his Reaſon, in order to 
fulfil his Vocation, and be uſeful to others by the im- 
proving of his own Mind. Tt 1s plain that he will pro- 
cure their Good and his own in Proportion, as he takes 
Care to exerciſe his Judgment upon common Ideas, and 
conſtantly to purſue that Kind of Certainty, from which 
ſomething practical may reſult: He is ſure by that 
Means of becoming equally agreeable and uſeful to So- 
ciety. 

Nerenhelefs if he 1s bent upon having Ideas of his 
own, it is by no means an Impoſſibility. But let him 
then, in that Caſe, go to another World that his Notions 
may be worth ſomething there, or let him expect in this 
to be looked at as an Inhabitant of the Planet Jupiter, 
or as ſome Animal fortuitouſly eſcaped from the Moon. 
A Man determined by Algebra or Metaphyſics, would 
no longer be one of us. Such a one is by no means the 
Man we are looking for, | | | 

The Organs Man is provided with are fo exquiſite, 
that the Uſe he makes of them may ſerve him in the 
room 


„„ — 6. : 


” Sa, 
» 4 R 1 
www — — — — 
— 
5 


. 
. 


» DIALOGUE XI. 


room of Inſtructions. A great Maſter in point of Eloquence, 
and a good Maſter of Muſick, when they have a Mind to 


produce all the poſſible Sounds and Articulations of the 


human Voice, never enquire into the Structure of the Tra- 
chea, or the Action of the Tongue, or the Concurrence of 
the Teeth, the Lips, and the Roof of the Mouth. Such 
an heavy lingering Method would be of no Serviceto them. 
They propoſe to their Diſciples, Models of Eloquence and 
Melody. They begin by executing their own Preſcrip- 
tions themſelves, and their Diſciples, as well as they, learn 
how to ſpeak or ſing elegantly, not by meditating upon 
Voice, but by ſinging and ſpeaking. Reaſon is a moſt 
exquiſite Inſtrument given to Man to render him ſociable, 
It can never improve by ſhrinking back on itſelf, or en- 
deavouring to inſtruct itſelf by withdrawing from Society. 
Man ought rather to chuſe the Objegs the moſt ſtriking in 
Society, to improve his reaſoning Faculty by them; be- 
cauſe he retains them with more Eaſe, Satisfaction, and 
Profit. He was born for that Purpoſe. 

For Inſtance, he caſts his Eyes upon two great Habita- 
tions of Men, that remain ſtrictly united, from the Neceſ- 
ſity of being of mutual Help to each other. It is a Maxim 
in one of the two, never to admit of more than two Claſſes 
of Citizens, 4/2. Warriors and Huſbandmen ; becauſe 
they look upon them as ſufficient to obtain the Products 
of the Earth, and ſecure the Enjoyment of them to them- 
ſelves. 'The other Republic adds to her Soldiers and 
Ploughmen, a third Claſs of Inhabitants, which is com- 
poſed of navigating Traders, who carry the ſuperfluous 
Part of their native Productions to foreign Countries, and 
exchange them there for other Commodities which they 
think neceſſary, or at leaſt advantageous, Lacedæ mon is 
the Habitation of the firſt Kind: Carthage, of the ſecond. 
If Man has it in his Power to fix his Choice, and become 
a Citizen of one of the two, which of them muſt he pre- 
fer? This is Matter of. Deliberation. Let us now con- 
kder the ſeveral Steps of his Reaſon, without anatomi- 
ſing Reaſon itſelf. | 

He does not queſtion, in the leaſt, the Neceſſity of hav- 
ing Ploughmen and Soldiers 11 the Republick: But the 
Ulefulneſs of the Navigators is Matter of Heſitation. They 
are not very certain, whether the Idea of publick Happi- 


neſs 
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neſs ought to be united with, or ſeparated from that of 
foreign Commerce. The Mind has then Recourſe, in this 
Dilemma, to well-known and well tried Ideas; which be- 
ing agreeable to public Good on the one Hand, and to fo- 
reign Trade on the other, may ſapply him with a Motive 
for reuniting the two, concerning the Connexion of which 
he is ſtill in Suſpenſe, that is, with a Motive of — 
poſitively, that the Idea of publick Good ſquares and 
tallies with that of foreign Commerce. | 

The comparative Ideas here meant, the well-known and 
generally tried Ideas, which muſt fix the Uncertainty of 
Man in this Cale, are the following. 

1. Improving to the beſt Advantage Things that would 
prove uſeleſs, ſuch as Iron, Flax, Wood, ſuperfluous Quan- 
tities of Corn, or other Proviſions, that cannot be con- 
ſumed. 

2. Repairing by Exchanges, and to a conſiderable Pro- 
fit, the Diſorders of Seaſons, the Havocks occaſioned by 
War, and the unavoidable Loſs of a great many neceſſary 
Proviſions, or the Smallneſs of our native Commodities. 

3. Employing in great Forges, in Rope- yards, in Ma- 
nufactures of Linen Cloth, in Arſenals, in neceſſary Tranſ- 
portations, and in the actual Service of Fleets, a Multitude 
of Men, and Beaſts of Burthen, which otherwiſe muſt pe- 
riſn for want of Occupation and Salary, or conſume a 
World of Proviſions without being of any Uſe, and con- 
ſequently ſtarve thoſe who work for a Livelihood. 

4. Facilitating by the Charms of Liberty, of buſtling, 
and of the Proſpect of a great Fortune, the Removal, and 
oftentimes the total Reformation of idle, uneaſy, or un- 
tractable Citizens. 

All theſe Ideas, and others reſulting from them, are 
perfectly connected with the Happineſs of a Republic, of 
which they are the Support and Reſource. On the other 
Hand, the ſame Ideas have a palpable Connection with. 
that of foreign Trade. This ſingle one implies all the 
others: And by means of theſe intermediate and univer- 
tally tried Ideas, the human Mind is gradually authorized: 
ſtrictly to connect the Thought of publick Happineſs. 
with that of foreign Trade, which was not perceived at- 
ürſt Sight. 


After 
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After this Examination of the Superiority of Carthage 
over Laced&mon, it may be made a Queſtion in the former 
of theſe Towns, which is beſt, to let Commerce be free 
to every private Man, or. to put it entirely in the Hands 
of a Company of Merchants, with a Prohibition to other 
Traders, of ever meddling with it. 

Let us, on this Subject, liſten to a Grecian Philoſopher, 
who was naturalized at Carthage, where he could not be 
admitted as a Citizen, but upon Condition that he would 
conſine himſelf to what is merely uſeful, by reducing his 
Philoſophy to Geometry, Mathematics, Navigation, and 
Natural Hiſtory. This Philoſopher is a Logician, and he 
intends to teach his Diſciples the Art of Reaſoning, but 
inſtead of propoſing to them an abſtruſe Logick, that 
would cauie his School to be deſerted, and beſides ſet 
him at Variance with the Magiſtrate, he borrows from 
Trade itſelf, which he is a Matter of, and from the reign- 
ing Taſte of the Nation of which he is become a Mem- 
ber, the Examples of the Method he teaches ; being 
perſuaded that the Habit itſelf of Reaſoning, and fre- 
quent Models of good Arguments are the beſt Inſtructions 
in Points of Logick. | 

I am aſked, ſays he, whether I muſt connect the Idea 
of publick Good with that of a free Commerce, given 
up to every private Man without Reſerve. But, I reply 
firſt of all, that this Notton of Commerce 1s too vague 
and too general. It takes in too many different Matters 
and Countries, to become the Object of a Judgment lia- 
ble to no Miſtakes. For, what can be ſaid with Truth 
of a Commodity and a certain kind of 'Trade, is not 
equally true of all the others, ſince the Ways and Profits 
of Trade vary as much as the Matters that are tranſport- 
ed, and proportionably to the Exigencies or Taſtes of the 
ſeveral Nations we are to deal with. 

The Commerce of our African Commodities may be 
conſidered ſeparately from foreign Trade: And in this 
laſt, the Nature of our Affairs in our Colonies of Sicily 
and Serdinia may be very different from the Commerce 
which our Navigators carry on in the Fortunate Iſlands, 
and with other Strangers who are not our Subjects. Now, 
this makes three Queſtions out of one, 


Firſt, 
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Firſt, whether the Idea of publick Good is inſepara- 
bly connected with the Sale of our Corn and Oats, grant- 
ed in a ſpecial Manner to a certain Company of Mer- 
chants, exclufive of all the other Citizens ? 

Secondly, whether the Idea of publick Good may be 
eaſily reconciled with that of a Commerce entirely free 
in all our Colonies ? 

Thirdly, whether the Idea of publick Good is compa- 
tible with the free Commerce of private Traders in Coun- 
tries that are remote and independent on us ? 

As to the firſt Queſtion, which is, whether it is for the 
publick Good to oblige all our Farmers and Landlords, 
to deliver up at a ſmall and uniform Price, their Corn 
and Oats into the Granaries of a Company that will en- 
groſs the Sale of them in an excluſive Manner? the in- 
termediate Ideas that come to our Aſſiſtance in the ſolving 
of it, are the follow ing. 

No Hope of Fcrtune whatever left to our Country- 
People. A total Extinction of all Induſtry and Emulation. 
A Difficulty for our Farmers to pay in the annual Rent in 
Years of indifferent Crops. The low Circumſtances of 
Farmers, neceſſarily followed by the Ruin of the Artizans 
and Journeymen who get their Livelihood by them. 

It the Company that makes this Sale is fixed itſelf to 
a ſmall invariable Price, this Commerce becomes void of 
Encouragement and Activity for the whole Body of the 
Nation, Corn, which is eaſily preſerved when in private 
Hands, is over-heated, and rots in public Granaries: A 


new Occaſion this, for the excluſive Sellers to obtain the. 


railing of the Price of Corn. This laſt Article being 
once granted to the Company, it has always ſome ſpecious 
Pretence or other to prolong the Duration of the new Aſ- 


file; and thus it cruſhes a Nation, inſtead of being an 


Help to it. 

Experience comes here to the Aſſiſtance of Reaſon. No 
Country ſo thin of Inhabitants, and ſo poor, as thoſe 
where Corn is kept in Reſerve, and rated at a ſettled Price. 
The Peaſants, thus deprived almoſt of the only Matter which 
can procure them Riches, make no manner of Expence. 


Now, where the Country ſpends nothing, the Towns muſt} 


needs languiſh for want of Vend of Commodities : And it 
is what happens in thoſe Places. The Countries are mi- 
ſerable, 
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ferable, and fill the Towns with People, who have no 
other Employment but that of begging. 

All theſe Ideas, which are inſeparably connected with 
that of the Commerce of neceſſary Commodities, carried 
on among us in the monopolizing Way, are, on the other 
Hand, inconſiſtent with the publick Happineſs, and the 
Opulence of a Commonwealth. Therefore, publick 
Good, and the Trade of neceſſary Commodities given 
over to a certain» Company, are Ideas mutually excluſive 
of each other. 

Our above intermediate Ideas help us to ſee the univer- 
ſal Miſery of our Sicilian and Sardinian Colonies neceſſa- 
rily connected with the Commerce of our native Produc- 
tions and theirs, ſuppoſed to be excluſively centered in a 
certain Company. Our maritime Colonies are not diffe- 
rent in our Eyes from our Provinces on the Continent, 
Our Sicilians and Sardinians are as dear to us as the Car- 
thaginians of Numidia and Bizacena, Our Commerce is 
carried on with equal Eaſe and Benefit in every one of 
theſe Places. We Know what paſſes there. We are time- 
ly informed both of their Superfluities and Wants, where- 
by to regulate the reciprocal Tranſportations of our reſpec- 
tive Products. Thus we trade, with the utmoſt Facility, 
even in our remoteſt Colonies: And as the ſame Intereſt, 
and the ſame Wants, are common to them and ourſelves, 
there ought to be the ſame Community in Point of Liber- 
ty. By deſtroying Liberty and Emulation, you ruin the 
Colony which makes one Part of the Republick, as well 
as one Part of our Revenues, | 

The whole Scene changes, as to the third Queſtion, 
There is no Connection whatever between the Idea of 
publick Good, and that of the foreign Commerce to be 
carried on, for Inſtance, in 4/bien *, or in the Fortunate 
Iſlands +, by private ſeparate Merchants, rather than by 
a wealthy Company that ſhall be well protected. Here 
are the comparative intermediate Ideas which naturally 
offer to the Mind on the Subject, and render the Union 
of the two former utterly impoſſible. 

Never to be informed, in due Time, of what paſſes in 
foreign Regions, and of the Opportunities that may offer of 


* England. + The Canary Iſlands. 
making 
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making a conſiderable Gain. Never to be aſſiſted or di- 
rected bona fide there, by any Perſon reſiding in the Place. 
To be ill ſerved, on the contrary, and wronged by Diſ- 
guiſes and falſe Relations. To ſtrive to undo one another, 
not only by concealing the reſpective Tranſactions from 
each other, but aiſo by reciprocal, jealous, or rather fu- 
rious Out-biddings, that have no other Aim but the Ruin 
of ſuch of the Concurrents who take it into their Head to 
over-rate the deſired Commodity. Lo ſink one's own Pro- 
fit by bidding extravagantly. To break one's Obligations, 
for want of being able to retrieve an accidental Lois. The 
Diſhonour and Diſcredit of the Nation in foreign Countries, 


occaſioned by Bankruptcies, and by the want of Subſtance 


in private inſolvent Traders. All theſe Ideas are inſepara- 
ble from the foreign Commerce that is carried on by pri- 
vate diſunited Merchants, or by unſubſtantial and unpro- 
tected Companies. The ſame Ideas are ſtrictly connected 
with the Diſadvantage of the Republick, which loſes at 
once its fugitive Citizens, together with their Advances, 
and its own Credit. I have then found in theſe compara- 
tive Ideas a common Meaſure, by Means of which I am 
entitled to pronounce, that foreign Trade in remote Re- 
gions, and among Nations that are none of our Subjects, 
will gradually decline, if it is freely carried on by every 
private Man; and proſper infallibly in the Hands of a 
wealthy reputable Society, all the Members of which are 
animated with the ſame Spirit, and able to repair its Loſ- 
ſes ſpeedily, by the Multitude of its Undertakings. 

The ſame Truth may be treated Hiſtorically, becauſe 
an unqueſtioned Hiſtory is no way different from unque- 
ſtionable Experience. Carthage having a Mind to draw out 
of Laconia, without much Expence, a Number of good 
Troops, which ſhe intended to keep in Pay, .in order to 
ſave her Ploughmen and Manufacturers, had engaged her- 
ſelf to ſupply the Lacedæmonians every Year with a certain 
Quantity of Wine, of Pewter, and of fine Wool, to be 
dyed in Purple at Cape Tenarium *. Our Carthaginian 
Navigators went and fetched, at a cheap Rate, the Wine 
of the Fortunate Iſlands, the Wine and Wool of Bœtica +, 


* Now Cape Matafen, in the Seuth of Morra. 
+ Andatouſia, 
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and the Pewter and Wool of Albion, which laſt is almoſt as 
fine as Spaniſh Wool. We were ſure of having the neceſſary 
Recruits in due Lime without interrupting the Culture of 
our Fields, or the Manufactures of our Stuffs, by any Le- 
vies of Soldiers; and we made our own Proviſion of Wine, 
Pewter, and Wool, with the utmoſt Facility, on account of 
both the Cheapneſs of theſe Commodities, and the conſi- 
derable Valuation put upon them in Laconia, together with 
the Benefit of the Sale of the Overplus along the Coaſts 
of Greece. But our Merchants being all of them wil- 
ling to have a Share in the Commerce of theſe foreign 
Wares, had the Imprudence to over-bid them, 1n order to 
ſupplant each other; and having had Lofles which they 
conld not retrieve, they involved in their own Ruin a great 
Number of our Citizens, who had made conſiderable Ad- 
vances to them. Our Laconian Proviſions became charge- 
able to us, from the Habit Strangers had contracted with 
us, of ſelling them very dear. Then Sichæus, Hanno, Ad- 
herbal, at that Time the wealthieſt Merchants of Urica, 
came before the Senate of Carthage, in order to obtain an 
excluſive Privilege for engroſſing the Commerce of Albion, 
and the Fortunate Iſlands, to themſelves, on Condition of 
remitting ſuch or ſuch Portion of the Profit into the Caſh 
of the Republic, and of leaving the Commerce of Bætica 
entirely free as before. Ever ſince this was done, the In- 
habitants of th Fortunate Iſlands, and Albion, ſeeing al- 
ways the ſame Company of Merchants equally deternuned 
never to go beyond a certain Price in all their Purchaſes, 
have conſiderably abated the Price of their former Sales, 
The Importations and Exportations are become advanta- 
geous again. Our private Merchants no longer ſink their 
own Fortunes in that Branch of Trade, by ill-concerted 
Enterprizes ſuperior to their Ability : And the Share which 
the Republick has in the Benefit of that Trade, as well as 
in the regular Supply of the Grecian Troops, who ander- 
ſtand War better than we do, engages the Senate to relieve 
the Company of Uiica in ſuch Accidents as might ſhake 
the Foundation of it; ſo that the Credit of the Nation is 
maintained with Honour, both in the Iſlands, and at La- 
cedemen, 

It is indeed of little Signification to the Republick, 
whether the Bulk of the Profit of theſe Undertakings re- 


mains 
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mains in the Hand of Sichæus, Hanno, and Adberbal, rather 
than in thoſe of the Merchants of Hadrumetum, Clypea, 
Hipponium. The State has no Preference to make. Eve- 
ry one of its Members are equally dear to it. But it is of 
Moment to the Republic, that no Body ſhould ruin him- 


ſelf for want of either Subſtance or Diſcretion : And if it- 
can reaſonably grant Privileges, it muſt needs be to ſuch 


Citizens as procure it Riches ; becauſe the Riches ac- 
quired by the State are afterwards diſtributed among the 
Bulk of the Nation, by gradually facilitating the Diminu- 
tion of the Tax, and the Diſcharge of private Merchants. 
*Tis what the State arrives at in foreign Trade, by the 
Precaution of excluſive Privileges and Protections. The 
Treaſures of that Company will, in Time, become the 
Safety of private 'Traders. 

Theſe intermediate and well-tried Ideas caſt a Light up- 
on the two others, the Connection of which was not pre- 
ſently perceived; and they ſhew, that the public Good is 
inſeparable from the ſpecial Privilege and Protection grant- 
ed to a Company of Navigators, to trade among Nations 
that are very remote, and independent on us. 

But, the better to know the Proceſs of the Operations 
of a reaſoning Mind; let us borrow another Inſtance from 
two Difficulties ſtarted againſt the Company of Urica,. 
The firſt is, that it is detrimental to the State, becauſe it 
carries to the Iſlands nothing but Money inſtead of our 
African Commodities; the other Objection is, that ever 
ſince the Eſtabliſhment of that Company, for the carrying 
on of foreign 'Trade, inward Commerce 1s not the better 
tor it, and is even more languid than ever. 

The Mind needs not, for the clearing of this twofold 
Difficulty, have Recourſe to Categories and ſyllogiſtical 
Rules; to the Diſcuſſion of cõmplex or uncomplex Ideas; 
or to modelled, particular, and univerſal Propaſitions. All 
it has to do, is to borrow from Experience ſomething bet- 
ter known than what is objected, and that may have a 


Relation to it, in order to anſwer or remove the Objection. 


1. It is a well known Matter of Fact, that exporting 
Money is no Detriment to a State, when the Species thas 
goes out of it for ſome Operation in Trade, is ſure of 
coming back with a conſiderable Intereſt. *Tis true, our 
Company carries a great deal of Money to the Fortunate 
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Iſlands, and Albion; but all we buy there is infallibly ſold 
again, and with great Profit too, in Greece, or at Tyre, 
or ſomewhere elſe. The Company brings them back 
more Money than it carries away; and thus the Objection 
vaniſhes. 

2. That which is grounded upon the drooping Condi- 
tion of inward Commerce is much more frivolous. When 
Children happen to hurt themſelves, they vent their Anger 
upon whatever chances to be in their Way. Our Mer- 
chants do very nearly the ſame. They ſee the Company 
of Utica proſper before their Eyes, whilſt their Trade is 
almoſt extinct. They lay it to the Charge of the Com- 
pany: But if you ſuppreſs it, will they ſell a great deal 
more of their Cloth for it? not an Inch. 

If they have a Mind to know the true Cauſe of the Decay 
of Home trade, and the only Remedy for it; they need 
but go back from one experimental Idea to another. Ideas 
of this Kind are cloſely connected, and always go Hand 
in Hand. Home Commerce is but ſmall, becauſe the Con- 
ſumption of Clothes and Proviſions is not great. This 
Fault, when general, muſt of courſe be in the Multitude. 
The Multitude never ceaſe to conſume, but becauſe it 
ceaſes to work and receive Salaries, It works not, either 
becauſ it has no Work to do, or delights in doing none: 
And it 1s perhaps for both Reaſcns at once, that 1s, be- 
cauſe ſome are not diſpleaſed to be the Objects of public 
Compaſſion, whilſt others who wiſh to work, have neither 
the Matter, nor the neceſſary Advances for it. 

The Remedy for this Evil 1s by no Means the Suppreſ- 
ſron of the Company: which would rather double the Miſ- 
chief, on account of the Idleneſs into which it would plunge 
that infinite Number of Hands and Matters employed by 
the Company. The only infallible Means of animating 
the Conſumption, 1s an univerſal and conſtant Attention 
in the Magiſtrate, to employ able Men, either in public 
Works, ſuch as the repairing of High Ways, the draining 
of Marſhes, and great Buildings ; or in common Manu- 
factures, and others; even though one ſhould ſometimes 
pay for Works not over neceſſary. All thoſe who can 
work, being ſure of their Gain, will merry without Fear, 
furniſh their Houſes, and regularly conſume a Quantity of 
Stuffs, Leathers, and Proviſions. If the Multitude 55 

ions 
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ſions a conſtant Conſumption every where; Farmers, Mer- 
chants, Manufacturers, and Landlords, will conſtantly ſell 
their Crops, Wares, and Commodities of all Kinds. The 
voluntary Advances, and public Money, employed in pro- 
curing at any time Work,. and conſequently Cloaths and 
Bread to Famihes in low Circumſtances, would infallibly 
turn to the Advantage of the moſt ſubſtantial, and render 
the wudle State flouriſhing and eaſy. Therefore, The chief 
Reſource and Spring of the inward Trade, which is the Life 
as it were of Society, conſiſts in the Vigilance of a Magiſtrate 
intent upon procuring Employment to ſuch as ſometimes want it, 
and upon facilitating Conſumption by the Certainty of Work. 
When the Artiſan, who works To-day, knows not what 
will become of him To-morrow, the very Thought finks 
his Courage. He abridges himſelf of Neceſſaries, and 
Deſpair perſuades him at laſt to become a pernicious Mem- 
ber of the State, by taking to Robbing and Beggary. 
Such 1s and ever will be the main Cauſe of a drooping 
Trade : Nor can the Magiſtrate revive it, but by prevent- 
ing the Idleneſs of a Multitude of Hands by the Certainty 
of Employment, and the more his Prudenee enables him 
to obtain this Capital Point, the greater Politician will 
he be eſteemed, and the Object of an eternal and univer- 
ſal Gratitude. 
Let us now leave Carthage, and borrow from our mo- 
dern Cuſtoms a few more Examples fit to exerciſe our Rea- 
{on upon, and to make us perceive its Method of Pro- 
cceding. 
They make it a Query; whether it is more advanta- 
geous to leave the Aſſeſſment of the Tallage, or Land- 
Tax, to the Arbitration of the Collectors, who take that 
Office by turns in every Place,“ and who on account of 
6 the Neceſſity they are under of having a mutual Regard 
| tor each other, as well as on account of their being ac- 
7 quainted with their reſpective Abilities ſeem to be very fit 
Perſons to make a juſt Repartition of the ſaid Tax, or to 
eltabliſh a Tallage, and regiſter it in a Book of Rates pro- 


* In France all the Peaſants of a tallageable Country are year'y and 
ſucceſſively Collectors of the Tallage, two and two at a time. And 
the Impofition of that Tax which ought to be proportioned to the 
Lands they are Tenants or Owners of, is left to the Judgment of- the 
two Collectors for the Time being. 
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portionable to the Income, Rent, or Profeſſion of every 
tallageable Man. | 

Public Good and arbitrary Tallage are the two Ideas 
to be connected or disjoined. Our comparative interme- 
diate Ideas are theſe, In the Hypotheſis of an arbitr 
Aſſeſſment of the Land Tax, the moiſt ſubftantial Men al- 
ways find in their Friendſhips, as well as in the Notion of 
the Services they are thought able to do to others, infal- 
lible Means of being treated more favourably than the reſt, 
which muſt needs overcharge or even crulh thoſe who have 
leſs to depend upon. The Collector is ſure of the Hatred 
of all thoſe who think themſelves overcharged, and who 
is the Man that does not think fo? He leaves his Place 
to another, that takes his Revenge for the Vexation of the 
foregoing Vears: This becomes the Seed of hereditary En- 
mities ſtill more fatal to the Families than even the new 
Burden which is the Occaſion of it, and even where there 
is no Spirit of Revenge, as many and as great Evils may 
often ariſe from a Meanneſs of Soul. Nothing ſo wretched 
as the Views and Judgments of a Man, without the Ad- 
vantages of Education to direct him. He ſees almoſt every 
Thing wrong. A Silver Edging upon the Brim of an Hat, 
a Coat made of a ſubſtantial Cloth, a Bit of Lace that is 
a little ſnewy; ſuch are moſt commonly the Motives of his 
being perſuaded that a laborious Artiſan is in good Cir- 
cumitances, and that he will be able to bear a greater Por- 
tion of the Aſſeſſment. The moit tattered will of Courſe 
be uſed in the gentleſt Manner. Hence that Cuſtom, ſo 
very common, of burying Money in the Ground, where it 
lies idle, and is even loſt very often by that Means. Hence 
the Slovenlineſs, and ill State of Health, and the ſuppreſ- 
ſing of all Decency, in point of Eating, Furniture, and 
Apparel: Hence the total Deſtruction of all Hope and 
Content: Hence the unavoidable Character of Meanneſs, 
Timidity, and Diſguiſe, which renders ſome Countries 
Scenes of Grief and Miſery. t 

The Idea of arbitrary Tallage is then demonſtrated ut- 
terly incompat ble with that of public Good, by interme- 
diate experimental Ideas, that ſeparate and render them 
irreconcilable. The Evils reſulting from the arbitrary Aſ- 
ſeſſment of that Tax are ſummed up in theſe few Words; 


It deſtroys Commerce, and perverts the Character of a 
Nation, On 


quence. 


Good; but that the ſame Conſumption is, in his Opinion, 
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On the other Hand, a proportional Tallage, well af. 
ſeſſed and managed, remedies a Multitude of Evils, and is 
liable to no ill Couſequence whatſoever. Here the Logic 
of the Peaſant, and that of the Civilian and Tradeſman, 
though attended with Ideas, in Appearance very different, 
yet, in the exacteſt Truth, amount to one and the ſame 
Judgment; to a judgment borrowed from Experience, 
and, on that Account, ſupported by a threefold Degree of 
Evidence. 8 
A Countryman, whom I aſked one Day, what the People 
of his Village thought of the Introduction of the propor- 
tional Tallage, anſwered me by a ruftic Joke, That he 
uſed formerly to ſmother his Hog between two Mattreſſes, 
for Fear of being thought too ſubſtantial, and of bein 
aſſeſſed higher on that Account, but that he now killed it 
to the Sound of a Fiddle, without the leaſt ill Conſe- 


Aſk Lawyers their Opinion of this Eſtabhſhment ; they 
will begin by building upon the following Principle, which 
is an intermediate Idea to them, viz. That there is no 
Happineſs to be hoped for, where there is not a juſt and 
well regulated Liberty ; but that this Liberty is never 
found but under the Government of the Laws. Whence 
it follows, that the ſettling of the Tallage being convert- 
ed into a well known Law, into a public Rule, common 
to all; every Man knows his Condition, and lives ealy, 
becauſe he has nothing to fear from the Caprice either of 
the Aſſeſſor or Collector. | | 

Nor is the Merchant leſs ready to acknowledge the good 
Effects reſulting from this Order: All the Withes of the 
Merchant are for quick a Conſumption of Commodities, 
which he thinks, at the ſame Time, productive of public 


and according to Experience, an Effect reſulting from Li- 
berty and Security. So long as the tallageable Man is aſ- 
ſeſſed in a known Proportion, he is ſure of paying no more 
than according to what he has. He is not afraid of ſeeing 
his Labour puniſheF, nor of being overcharged and miſe- 
rable, for having been more induſtrious, or more labc rious, 
than another Man. His Qt being once paid, he may, 
without any uneafineſs or Danger, exert his Prudence and 
Ingenuity. If it is his Intereſt to look like one in goo 
G 2 Circum- 
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Circumſtances, in order to promote his Commerce by the 
Facility which attends Credit, or t) marry his Children to 
Advantage, from the Reputation of their being always 
well brought up, he will have Wine in his Cellar, rather 
than buy 1t for twice as much at the Tavern : he will pro- 
vide himſelf and Family with good and ſubſtantial Cloaths, 
rather than with Jackets of Ticking, which are of no Ser- 
vice to him. He will lie upon a Feather-bed, or a Mat- 
treſs, rather than upon his former Straw-bed. Now, if 
the Inhabitants of a populous Country uſe themſelves to 

nod Cloaths and Furniture, it preſently increaſes, to an 
1mmenſe Degree, the Sale and ManufaQture of Woollen 
Stuffs. Wool, that precious Commodity, is no longer in 
any Danger of ſinking in its Pr.ce, and of being under- 
valued, from the neceſſary Conſequence of the Reluctance 
of Country- people to uſe it, and the Fondneſs of the Inha- 
bitants of the Towns for more ſhewry Stuffs. The Sale of 
Silks, Woollen Stuffs, Drinks, and Victuals of all Kinds, 
being briſk, and the ſeveral Branches of Commerce thriv- 
ing, the whole Kingdom muſt be the better for it. There- 
fore the proportionable Tallage which encourages the Con- 
ſumption, does, of Courſe, ſecure the Tranquillity of the 
whole State. 

This Queſtion once cleared, becomes the intermediate 
Idca of another Queſtion, viz. Whether it is the Taxes 
that render a Nation miſerable? From what has been 
ſaid, it iollows, that it is not ſo much the Impoſition that 
cauſes the Evil, as it is the Fear of being over aſſeſſed and 
proſecuted. For the 'Tax being proportionable to the Abi- 
lity of every private Man, may, on the one Hand, be as 
tolerable as it is neceſſary; and it procures, on the other, 
that Kind of Circulation which is moſt uſeful to the whole 
State, by the manifold Employment of the Specie. Whereas 
the Fear of being over-rated and arbitrarily uſed, exhauſts 
the Courage, the Induſtry, and the Expence ; that is, all 
the Sources of the Conſumption at once. 

But, is then the Eaſe of the People, which proceeds from 
the Certainty of their Works, and the wiſe Proportion of 
the Tax with their Abilities, ſo ſtrictly connected with the 
Security of the State and true public Good, as we imagine ? 
This is a Queſtion which two Sorts of Logicians take upon 
them to diſcuſs, Let us firſt liſten to the Logic of the rich 

| Proprietor, 
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Proprietor, we ſhall afterwards come to that of common 
Senſe, to the Logic of Humanity. 

The Proprietors of Lands, who moſt commonly think 
they are born to poſſeſs the Earth excluſive of all others, 
ſee at one View; and from a Sagacity peculiar to them- 
ſelves, that the Indigence of the People encreaſes the Num- 
ber of the Hands who are to make their Harveſts ; and 
that ploughing and cropping will be cheaper in Proportion 
as the common People are miſerable. Now, theſe Har- 
veſts and Ploughings made at a cheap Rate, and with 
Mildneſs and Submiſſion, are the chief Good of the State. 
Therefore, making the People thoroughly ſubſervient, 18 
what maintains every Thing in Order, and ſecures true 
Subordination. 

My Intention was, next to this, to liſten to the Logic 
of Humanity; but, it would have too many Things to ſay 
to us here, and we ſhall be contented with referring the 
Rich to the Ideas reſulting from Experience, and con- 
nected with their true Intercit. | 

You with to be happy, we might ſay to them, and you 
deſtroy your own Happineſs by your Way of arguing. 
Can you call that a Happineſs which you are never ſure 
of? And how will you be certain of your Condition, if 
you ſtrike at the Foundations of it yourſelves. 

You preach up every where the Maxim of keeping the 
People in Want, in order to render them ſubmiſlive, trac- 
table, and pliant. I grant, if you will, that the Multi- 
plication of wretched People, procures you Plenty of Work- 
men that give their Labour for a ſmall Salary. They will 
live as long as this Salary laſts : But you know what the 
Condition of theſe poor Individuals will be, when there 
is no more Work for them to do. Would it not be much 
better for yourſelves to give them greater Wages, and act 
in concert with the other Proprietors, towards procuring 
all the Labourers of the Places where your Eſtates lie, an 
uninterrupted Continuation of Employments, rather than 
be expoſed to their Inſults, or be for ever giving Alms to 
Legions of ſtarving Wretches, or under the frequent Ne- 
ceſſity of remedying the overflowing Evil, by involuntary, 
and moſt commonly inſufficient Contributions: : 

Labourers are the Majority in a State : If they are not 
happy, you muſt not entertain the leaſt Thought of bein 
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fo yourſelf. Their Eaſe is the only Thing that can in- 
creaſe the Number of tallageable People; that can prevent 
Deficiencies in the gathering of Taxes, and of Courſe pre- 
vent new aſſeſſments, which are a neceſſary Cauſe of the 
others being cruſned: Nothing but their Eaſe can occaſion 
a Multitude of ſmall Expences, which are repeated daily 
and ery where, and on which a briſk Conſumption of 
Commodities, and the Spring itſelf of Commerce de- 
pend. Conſequently, it 1s that, and that alone, which 
maintains the eaſy Sale of your Farmer's Crops, which 
keeps up your Leaſes upon a conſtant Footing, and enſures 
your Rent. Your Maxim, on the contrary, by keeping 
the Low in endleſs Miſery, ruins the Labourer, the Farmer, 
and the Merchant; it ſtrikes at and ſhakes the public 
Stocks, and conſequently the whole State. Theſe are the 
intermediate Ideas, which being placed between thoſe of 
public Security, and public Miſery, render them altoge- 
ther irreconcileable 
Thus, by every Method Reaſoning imaginable, we 
caſt a Light upon the dark Relation which is between two 
Ideas, by the ſucceſſiye Application we make of it to other 
Ideas, whoſe Certainty 1s grounded upon Experience, But, 
although this Ld of inveſtigating 'T — is natural to 
every Genfus ; here are, nevertheleſs, a few common Pre- 
cautions, which are not always thought of, and the over- 
looking of which may throw us into Miſtakes. 
Theſe intermediate Ideas, which are thus 
The Defini- applied by Turns, to both Extremes, muſt, 
17. — 2 in the Application, which is ſucceſſively 
% 3 ** 8 =—_ made of them to two other Terms, be under- 
mediate Idea. ſtood inthe ſame Manner on both Sides: Or 
2 elſe, they would no longer be a common 
Meaſure. It is then abſolutely neceſſary, truly to fix the 
Senſe of the intermediate Idea, and to remove whatever 
ouble Meaning and Obſcurity there may be in it. This 
is obtained by an exact Definition, that clears and ſettles 
the Signification of every Word. It was for Want of ſuch 
an Inſight as this, that ES, Archbiſhop of Rheims, de- 
ceived himſelf and others, when he argued thus. 
The Man who is cut off from Society, has loſt all the 
Prerogatives of it: He loſes his Eſtates, his Vaſſals, bis 
Crown, and all his Rights whatſoever. Now, Lewis the 


Debona:ir 
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Debonair is cut off from Society; therefore he has no longer 
any Claim to any e 

The Society ſpoken of in the firſt Propoſition, is Societ 
in general ; whereas, the Society meant afterwards, 15 
confined to the Ecclefiaſtical Communion. Theſe two 
Socieries are not then one and the ſame Meaſure : Nor is 
Lexwis the Debonair, whether we ſuppoſe him well or not 
well, cut off from the Communion, therefore cut off from 
Society. | 

Very commonly, the intermediate Idea offers itſelf to 
the Mind in the Manner and by way of Condition; ſo that 
the Certainty of the principal Object depends, in that 
Caſe, on the Certainty of another Object, which muſt be 
examined, in order to be certain of it. For Inſtance : If 
there is a Juſtice which rewards Virtue, it is in another, 
not in this preſent Life: Now, there is a Juſtice which 
re-ards Virtue : there will then be another Life after 
this. 

The principal Idea that fills up the Mind in this Place, 
is the Reality of another Lite to come. We ſee it not; 
and we endeavour to inake ourielves ſure of it, from the 
neceſſary Connection it has with Divine Juſtice, of which 
we cannot doubt. 

If we ſuppoſe it poſſible for a Man who reaſons, to en- 
tertain the leait Doubt concerning the Juſtice that will zz 
Time reabard Virtue, this Dilemma may be removed by a 
like Argument, and by Means of a ſecond intermediate 
Idea that ſhall be propoſed again, by way of Condition, 
in order to be examined. MA 

There 1s a Juſtice, which reſerves the Reward of 
Virtue to herſelf, if that Being who has conveyed Order 
into the Nature of Bodies, has eſtabliſhed any among in- 
telligent Natures. Now, the Creator, who has conveyed 
Order into Nature, has eſtabliſhed a no inferior Economy 
among Intelligences ; ſince he gave them Knowledge, an 
Averſion to Injuſtice, a Value for what is Good, a Con- 
ſcience, and the Expectation of a better State to come: 
There will then, ſoon or late, be a Time for puniſhing 
Evil, and rewarding Virtue. The Goodneſs of theſe Ar- 

18 conſiſts in being ſure of the Reality of the Con- 
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Sometimes the Condition, or any other intermediate 
Idea, is propoſed by way of Diviſion into ſeveral Caſes, 
which are the only ones actually in Queſtion, and the onl 
poſſible ones. The Exactneſs of theſe Arguments, bw 
on that of the Diviſion. For Inſtance: Here is a Man 
who retired into a Convent, and bas no Taſte whatever 
for Sciences: What but a Sluggard will he be there ? 

This Reaſoning, ſo very common among Satyriſts, is 
falſe or uncertain, on account of the Unexactneſs of the 
Diviſion. People know but two Kinds of Solitaries in 
Convents ; ſome who apply themſelves to Sciences, and 
others who paſs away their Lives in Idleneſs. But there 
is a third Claſs of them, that can never be valued too 
much, zz, thoſe who conſecrate themſelves to Prayer and 
Handy-work ; a Kind of Employment, which is the more 
uſcful, as Piety is the Rule and only Spring of it. 

There is an infinite Number of other Reaſonings, of 
diſterent Form and Character, which may all of them be 
expreſied with Fire, with Energy, and in a very few 
Words; but ſcholaſtic Philoſophy affects to protract them, 
artificially tacking all the Parts of them together, to form 
a Thread of Syllogiſms. Then ſhe methodically goes 
back, and reſumes each Propoſition ſeverally, in order to 
recal the Nature and Properties of them to ſo many diffe- 
rent Rules. The whole may be agreeable to Truth and 
Keaſon. The Study of theſe Rules, and. the Application 
which is made of them to Arguments in Form, may ſome- 
times be attended with the Certainty of Geometrical De- 
monſtrations. But, Life 1s too ſhort to be employed in 
idle Speculations. We reaſon very well, without this lon 
tedious Method. It gives no additional Facility ; nay, it 
even facilitates the Operations of our Mind much leſs than 
a quicker and more expeditious Way of reaſoning would 
do. The latter renders the Mind more active and ſaga- 
cious ; the former makes it heavy and abſent. Let the 
following Inſtance ſhew you what we get by being too 
much taken up with the Rules of Art. The Turn of Scho- 
laſtic Minds, is often like the Gait of certain Dancing- 
\Maſters. The wit of theſe Men lies in their Legs: 'tis 
plain it reſides no where elſe. A Man liberally educated, 
ſteps more nobly than they do, without ſo much as think- 
ing of it; merely becauſe he is more natural. A _ 
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who would affect to diſpoſe, according to the Rules of the 
Logick of the School, the Reaſonings he ſhould make upon 
any Topic propoſed to him, would likewiſe reſemble a 
Child, who never ſpeaks Latin but with a diſtin Atten- 
tion to ſuch or ſuch a grammatical Rule. A Stiffneſs of 
this frig d Kind would infallibly chill the Mind, and lead 
it into Miſtakes, by making it leſs intent upon the Matter 
in Hand, than upon the Method of treating it. 

Beſides, it is a known Matter of Fact, that Eloquence 
and ſweet Perſuaſion expire on the Lips which never cpen 
but with Syllogiſms. We know certain Nations whom a 
frequent Ule of the Syllogiſtical Jargon renders altogether 
incapable of ſpeaking in the Pulpit, or at the Bar. 

It ſuffices then to the Mind, to fix all its 
Attention upon its Object, and above all, to „ 
contract the Habit of diſcerning whether 5 W 
what it thinks it perceives is ſenſibly and 
ſtrictly connected with comparative Ideas more diſtinctly 
known than the Things it endeavours to prove. This laſt 
Rule is the Recap.tulation of all Logick. It often hap- 
pens, when we tranſgreſs it, that we attempt to prove a 
Thing real, by another, that has no Relation to, and is 
no way the Proof of it; or it happens (which is ſtill worſe 
in my Opinion) that we attempt to realize what is not, by 
Means of Things which are not. A Man has a Mind to 
ſhew that the Earth is immoveable, and in the Center of 
the World“. The intermediate Idea he makes Uſe of, as 
being beſt known, is a Thought he is prepoſſeſſed with, 
viz. that the Influences of the Stars and Planets fall on 
the Earth in a ſtrait Line, and without Interruption : 
Which would no longer be the Caſe, if the Earth was car- 
ried round the Sun in an Orbit of ſeveral Millions of 
Leagues in Diameter. It is plain, that the Influences 
would often glance upon, or pals a great Way from it in 
its Changes of Place, which would diſconcert the whole 
Syſtem. But, this is proving a Thing void of Reality, 
by another equally deſtitute of it. It is attempting to con- 
nect the Steadineſs oi the Earth, which is contradicted by 
Experience, with imaginary Influences no leſs contradicted 
by it, or deſtitute of ſatisſactory Proofs: It is explaining 
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what is unknown, by what is unknown; ſo that the whole 
remains till in the Dark, ; 
The greateſt Part of thoſe who reaſon wrong, commit 
Miſtakes upon no other Account, but becauſe they take 
for ſubſidiary, clear, and ſure Ideas, thoſe which are fami- 
liar to them. They fetch their intermediate Ideas from 
their fayourite Tenets and Prejudices, from Self-Love, 
from the partial Opinion they are prepoſſeſſed with in Fa- 
vour of their Cou..try, Nobility, or Order; very often 
from previous Engagements, which they no longer diſtin- 
guiſh from ſound Reaſon, and oftner {till from their Ha- 
tred, which poiſons every Thing, or their Friendſhip, 
which approves of, or excuſes every Thing. Sound Lo- 
ick, in all its Steps from what is more known, to what 
Is leſs ſo, ſcrupulouſly lays aſide all perſonal Prepoſſeſ- 
fions, an inſinuative or a magiſterial Tone, inſna ing rhe- 
torical Figures, Fortune, Hopes, and whatever can em- 
belliſh, or caſt a dazling Light upon a Subject. 

Nor is it leſs faithſul in — and honouring Truth, 
although it ſhould have very uninviting Outſides, and not- 
withſtanding its being neither commodious nor profitable, 
but rather attended with low and vulgar Ways and Man- 
ners. Sound Logick is, above all Things, careful not to 
commit any Miſtakes, as to what thwarts its Purpoſes; and 
the firſt Thing it does, in Point of perſonal Affairs of all 
Kinds, is, to conſider earneſtly whatever favours the Senti- 
ment of others; and, if poſlible, to help them to be in the 
Right. Thus it diveſts Truth of every Thing foreign to it, 
and of what cannot be alledged in Favour of, or againſt it. 

The Method made uſe of to arrive at Truth, is not the 
ſame with the Manner of propoſing it to others when found. 
In all our Reſearches, we naturally, and without Rule, or 
from meer Neceſſity, begin by conſidering what has a ſen- 
{. ble Connection with our actual Wants, and then we pals 
on to the Things that have a leſs direct, leſs evident Re- 
lation to them. We amaſs and bring them together; and 
we peect what is unconnected with, or uſeleis to our pre- 
ſent Purpoſe. We colle& the Things which may be ſorted, 
and of mutual Support to each other; and finally, we make 
of them a total Sum reſulting from their Agreement and 

Union. Thus Hiſtorians connect Monuments diſperſed 
here and there, to compoſe their Hiſtories of, whilſt the 
| Architect 
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Architect amaſſes ſcattered Materials to conſtruct his in- 
tended Fabrick. In our Law-Suits and Diſ- 

cuſſions, and in all the Enquiries the Human The two op- 
Mind is capable of . we begin by — _ 
particular and experimental Truths: We 7/97 fe 
make ſure of one Thing, and then of ano- — 
ther connected with it. We do not ſome- 

times perceive the Relation which two or three Objects 
bear to each other: Nevertheleſs, we ſtudy them ſeparate- 
ly, becauſe they prove to have a Connection to ſome fourth 
Object we are chiefly employed on. The Mind, by con- 
ſidering them in many different Lights, at laſt perceives 
what it is they agree in, and by that Means it becomes 
able to make up with them a Demonſtration, every Part 
of which aſſiſts and corroborates the Whole. This is 
what they call Analyſis, or Method of Reſolution. 

But when we are to ſhew others a Series of Truths, 
which we have convinced ourſelves of, we no longer go 
about it with the Detail of particular Enquiries. We be- 
gin by eſtabliſhing general, plain, and univerſally ac- 
knowledged Truths, which containing the particular Spe- 
cies, eaſily lead the Mind from what it knows, in a gene- 
ral Manner, to the Application of it to ſuch and ſuch pe- 
culiar, or leſs well known Objects or Truths, of which 
it had not a ſufficiently juſt Idea, or compleat Conviction. 

This is the Method called Syntheſis, or Method of 
Compoſition ; a new Field for multiplying Precepts and 
Rules. But, whether we meditate for our own [nitruc- 
tion, or diſcourſe for that of others, the great Art of Rea- 
ſoning and ordering our Thoughts, is no more than the 
Exerciſe itſelf of our reaſoning Faculty upon experimen- 
tal Things, and the Habit of employing what we are al- 
ready convinced of, to arrive at the Demonſtration of 
what has a certain Relation to it. | 

If fo it be, the practical Sciences, which we are now 
going to enter upon, are a true and perpetual logical Ex- 
erciſe, ſince they only turn upon what is Experimental, 
and the Mind cannot fee its Rea:onings rewarded by Ef- 
fects which juſtify them, without acquiring thereby a 
greater Degree of Rectitude and Facility. 
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HE Univerſal Logick we have juſt treated of, is 
not, properly ſpeaking, a. Science which a few Men 
teach, or acquire apart, and by themſelves, and unknown 
to the reſt of Mankind. It is nothing more than Reaſon 
itfelf ; it is merely common Senſe more or leſs unfolded 
and exerted. Nor is this unfolding of Reaſon the Reſult 
merely of a few abſtruſe Meditations, upon the Proceed- 
ure of the human Mind, nor the Effect of a Set of general 
Rules ſcientifically connected in a Book. The kt”, r of 
ſuch Rules, may, as well as that of any other Treatiſe 
that has Truth for its Baſis, be of ſome Utility; but Rea- 
ſon may with that Help ſtill remain very raw, and in a 
very ſtaggering Condition, If ſhe has a Mind to contract 
an . Exactneſs, a proper Aſſurance, and ſome De- 
gree of Extent, ſhe will obtain it by acquiring general 
Knowledge, and by a long Habit of clearly diſcerning the 
Connection between what ſhe has, and what ſhe has not.a 
diſtinct Knowledge of. She will improve herſelf by taking 
exact Notice of all the Miſtakes of others, and her own; 
by inviolably adhering to experimental Truths; in ſhort,, 
by a conſtant Practice of Reaſoning, rather than by the 
Study itſelf of our reaſoning Faculty, and the Operations 
of the human Underſtanding; ſuch was the Logick of all 
Ages. What can then the Science, which Man may ac- 
quire and exerciſe his Reaſon upon, conſiſt in? What, above 
all, are thoſe Branches of Knowledge, which his Reaſon 
may enable him to practiſe and apply to the Relief of all 
his Wants ? 

Now 1s the Time, my dear Friend, to infiſt upon the 
Principle 3 from our foregoing Obſervations, and 
which I have gradually inſinuated to you, as our growing 
Experience intitled me to do it. God, who created - 

Intel- 
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Intelligences and Bodies, of Courſe knows the Nature of 
them: But Man, to whom he did not grant the Privilege 
of creating Beings, knows the Bottom of nothing. It will 
then be the greateſt Act of Prudence in Man, to divert all 
his Thoughts from what God conceals from him, and ne- 
ver to be taken up with any Thing but what God has 
placed within the Reach of his Eyes and Hands, in order 
to exerciſe his Faculties. | 

Let us chuſe but one ſingle Point in this whole Univerſe. 
If Man will diſcourſe upon that Point, upon that firſt Be- 
ginning of a Line, or of a Body ; he may do it as a Geo- 
metrician, or as a Philoſopher, If he ſpeaks of it as a Geo- 
meter, as a Huſbandman, and in order to meaſure the Length 
of his Lands, he, in that Caſe, conceives the Point as the 
Beginning or End of a meaſurable Space; and what he ſays 
of it is judicious, becauſe he now keeps within the Limits of 
his Vocation and Knowledge. Has he a mind to give a 

hiloſophical Definition of that Point? He then no longer 
aer. what he ſays of it: he knows not what a Point is in 
Nature. All the Definitions of it lead him often to Abſur- 
dities and always to ſomething incomprehenſible. A Point, 
you are already ſufficiently convinced, a ſingle Point is 
enough to put ali the Schools in the World in a Combuſtion. 

But what Need has Man to know that Point, ſince the 
Creation of ſuch a ſmall Being is beyond his Power? 4 
fortion, 4 acts againſt all Probability, when, 
from that Point which abſorbs and diſconcerts all her Me- 
ditations, ſhe preſumes to paſs on. to the Generation of the 
World, or the ordering of God's Decrees ; when notwith- 
ſtanding her being intimately conſcious of her own Incapa- 
city, concerning the Structure of individual Beings, ſhe 
takes upon her to reduce the Compoſition of the Univerſe 
into an intelligible Syſtem, or of her own Authority, to 
force a Religion upon us. : 

There is certainly a ſound Philoſophy, but what is it? 
True Philoſophy conſiſts, very propably, in admitting of 
Religion, ſince God has revealed it by Facts, and in mak- 
ing a proper Uſe of this World, which God has not com- 
miſſioned Philoſophy to conſtruct. 

As for the reſt, let human Wiſdom carry its Conje&ures 
as far as ſhe pleaſes, and talk as loud as ſhe will of her 
Prerogatives ; let her miſtake at her Pleaſure the F _ 
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ſhe has to ftart Queſtions, and create Difficulties, for a 
Source of Knowledge and Penetration : Let her fancy her- 
ſelf intitled to judge of Natures, becauſe ſhe can judge of 
Numbers and Proportions; we are not againſt any of theſe 
fine Things, and will not conteſt any of her Pretenſions: 
But, as we are ſenſible of the Danger of hunting after 
Sciences moſt probably refuſed to us, we eagerly lay hold 
of that Kind of Knowledge, that may be ſatisfactory to a 
rational Mind, and render Man both better and happier. 

Man is appointed either to govern Minds, or to convey 
Order among the Bodies that ſurround him. Nothing 
more ſimple and more fruitful at the ſame Time, than the 
Kind of Knowledge with which God has endowed him, 
towards facilitating this twofold Government. Fas and 
Meaſures are the Subjects, which the Exerciſe of his Rea- 
ſon, and his uſual Science'1s chiefly to run upon. 

We have nothing more precious upon Earth than Reli- 
gion; next to which our greateſt Treaſure is Juriſ-prudence, 
which rules whole Nations, and private Men; then Phy- 
ſiek, Economicks, Polity, Policy, Agriculture, Trades, 
Arts, and Commerce, which are the Supports of Life. 
Man has no true Prudence, nor any ſolid Comfort in all 
his Concerns, no more than in all the Operations of his 
manifold Governments, but in Proportion as he is guided 
by the Certainty of the Facts, and by the Judicoulaeſs of 
his Meaſures. | 


E need not, in order to inform Man 
Religion, of his Origin, Obligations, and Hopes, 
propoſe to him any intricate Diſputes, or pro- 
found Meditations : This is the Method of Philoſophers. 
Alas! how many have fliled themſelves Divines, who 
were no more than ſuch Philoſophers. God leads Man 
quite another Courſe. The Knowledge of a ſmall Num- 
ber of Facts, is ſufficient to let him into the right Way of 
Salvation: Theſe Facts manifeſt God, and his divine Will 
to him; he finds therein the Objects of his Behef, the Rules 
of his Conduct, and the Motives to every Virtue. n 
15 
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Tis true, theſe Facts are recorded and invariably re- 
lated in Books that can never be too much cheriſhed and 
reverenced. But Books are not the only Means by which 
theſe truths are conveyed to us; God, unwilling that 
theſe Facts, written as they were, ſhould be diſregarded 
or ſuſpected, has diſperſed Footſteps and Atteſtations of 
them every where. The Deluge, the Promiſes made to 
Abraham, and the Reſurrection of one of his Deſcendants, 
are the three principal Facts mentioned in Revelation. 
The Monuments of all three actually cover the Earth: I 
hope I ſhall one Day point them out to you, and I would 
fain inſpire you now with a Deſire of inveſtigating them 
yourſelf, by way of Anticipation. 

But, we have ſomething here ſtill more eaſy, and better 
proportioned to the Capacity of the Generality of Men, 
than the Scripture and the Inſpection of "Teſtimonies. The 
Vouchers of our Eſtates are depoſited in the Hands of pub- + 
lic Men, authorized from Age to Age to hand down to 
us the Facts whereby we are informed of our ſeveral Rights, 
together with the inviolable Acts by which they are in- 
ſured to us, But, there is no Part of the World where the 
Notaries, or other public Keepers of our common Ar- 
chives, come purpoſely to meet and acquaint us with our 
Prerogatives : whereas thoſe who are Truſtees with the 
Deeds concerning our Salvation, are commiſſios ed to come 


to and warn us of the ſame; ſo that they are Ambaſladors | ' ' 
as well as Depoſitories, which is a double Help to our 4 2 
Reaſon. When a Relation has bequeathed us the Property J 1 


of any Thing, we cannot be informed of it in our own 
Reaſon, by dint of Meditation; but our Reaſon leads us 
to the Notary Public. If God has made a Revelation, 
and Promiſes in our Favour ; if he has given us a Maker of 
our Salvation and an Inheritance, our Reaſon does not tell 
it us, ſo as to fix our Notions concerning theſe Bleſſings; 
but ſhe may conſuit thoſe who keep the Depoſitum, and 
is, moreover, forewarned and ſollicited not to remain un- 
concerned in that Reſpect. Her Prudence does not then 
conſiſt in conſidering, by Means of her own Conjectures, 
whether God has manifeſted himſelf to Mankind, and in 
what Manner he muſt have done it; but in aſking the 
tolowing Queſtions. Is there any ſuch 'Thing as a pub- 1 v5 
lic Depoſitum, wherein the Vouchers of that great Event i 
are 1 
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are preſerved ; and do thoſe, who from Age to Age pre- 
tend to be intitled to inform us of it, alledge Facts aſcer- 
tained by Teſtimonies ? Are both the Depoſitum and the 
Depoſitories well atteſted ? The whole amounts to this 
Point; Reaſon leads us to it naturally; and ſhe is informed 
of it by a Crowd of ſenſible and ever- ſubſiſting Evidences. 
Thus does Grace, which makes the Chri/tian, lead him 
by Reaſon ; and it is the higheſt Degree of Uureaſonable- 
neſs to liſten to Philoſophers, who, by mere Methods of 
arguing, and in Prejudice of Facts, attempt and pretend to 
wreſt our Vouchers and Hopes from us, or to retorm the 
Depoſitum, by introducing into it Things hatched in their 
own Brains. Reaion has no Power agaiuſt Archives; and 
the Employment of a Means of Salvation, o proportion- 
able to our Wants, is a Conduct no leis full of Goodneſs 
towards Mansind, than of Prudence and Wiſdom. The 
Depoſitum ſettles us all: The ignorant, the Wile, and the 
very Depoſitorics themſelves are ſubject to it. 
 Re:ſon is then infinitely commendable, when it does 
not look out for any other Guide to Salvation than that 
which was given us, and will not argue upon the Grounds 
of Religion, becauie Religion is a Thing already made 
and ſettled ; and the Authenticity of the Work of God, 
ſuffices for Man to regulate his whole Con- 
The Human duct by. There is, likewiſe, much Judg- 
Sciences, Oeco- ment in diſcarding the vain Syſtems of Phi- 
keks, ant. 7" loſophyin all the Affairs we are to manage, 
prudence, Se. and in all the Operations we are to direct. 
Reaſon is contented, in thoſe Caſes, with a 
Number of well ſupported Matters of Fact, which become 
her Models or Principles of Conduct, of which the daily 
learns how to make a wiſe Application, What are CEco- 
noinics, Phyſics, Juriſ-prudence, Commerce, Politics, 
Polity, and all other Branches of uſual Knowledge, but a 
Heap of the moſt certain Facts Men have been able to col- 
lect upon every Subject, from which Reaſon draws ſuch 
Conſequences as may both direct her new Trials, and guide 
her in her ordinary Operations? Such is our Condition, 
which puts all Genius's upon a kind of Level, by humbling 
the moſt extenſive, from a Senſe of their limited Capa- 
city; and encouraging the weakeſt, from the Conſidera- 


tion of the Facility with which they may be aſſiſted 0 
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the Knowledge of others, and from Day to Day add new 
Inſtructions to thoſe they have already received. © 

The two nobleſt Sources of Inſtruction, and thoſe which 
contribute moſt to the Acquiſition of the Sciences I have 
juſt mentioned, are the Study of Nature, and the Hiſtory 

of Mankind. They might be ſtiled the firſt Magazines of 
ſound Philoſophy. I ſhall ſay but a Word of one and the 
other, | 

We have very great Obligations to thoſe who have di- 
geſted and put Sciences in good Order, and taught them 
methodically by the Syntheſis, But this is far from being 
always the moſt agreeable Method ; and the 
Hiſtory of Nature, which expoſes analytical- The Excel- 
ly, and in a particular Manner, the Facts lence of the 
that may ſerve as Foundations to moſt of the 3 a” 
fineſt Sciences, is infinitely more engagin 
than the Generality of a Syſtem which begins with em- 
bracing the Whole of a great Subject at once. It does, 
in ſome Senſe, for every private Man, what God has done 
for all Mankind. Inſtead of ſhewing 'Things to Man in a 
general Proſpect, God has preſented them to him by Parts, 
at Diſtances, in different Places, and at different Times. 
He let him colle& the ſeveral Pieces of his Knowledge, 
and aſſigned him the Honour of connecting the Whole. 
Natural Hiſtory, likewiſe, offers us, in every kind, a 
Number of Facts, which engage us much by the Charms 
of Novelty. It gradually ripens our Reaſon by the Judg- 
ments ſhe paſſes upon it, and renders the Mind inquiſitive, 
and fond of making Obſervations, Trials, and Diſcove- 
ries, It is then becauſe Natural Hiſtory unites in this 
Manner both the Charms and the Benefit of Experience, 
that ſhe is, for Beginners eſpecially, the moſt natural, as 
well as the ſureſt Method they can poſſibly follow. They 
will at leaſt ſpeak of Things they have ſeen. 

It is the ſame with Civil Hiſtory, which The Uſefulneſs 
is properly the Hiſtory of the human Mind, of Civil Hit- 
the Science of the Heart, and the School *%?* 
of Society. There are many People of Me- 
rit, who ſet a greater Value upon a good Maxim, or a 
judicious Saying, than upon a Series of Facts; and who 
will, at any Time, rather chuſe to put into the Hands of 
Youth Collections of Morals, than hiſtorical Facts. Their 

Intention. 


9 


VVS 


SS WW 3 © V- 


w 


7 09 


5 . 7 


138 DIALOGUE XII. 
Intention in this, is to form the Judgment by the Truth; 
reſulting from Actions, rather than fill up young Minds 
with Battles, or other Events, that ſeem not fit to convey 
any Inſtruction: But, be pleaſed to put the Adages of Era/- 
2:45 in Oppoſition to the Hiſtory of Alexander, or of the 
Viſcount 7 urerne: Eraſmus, with his heavy Quinteſſ-nce 
of Rules, Maxims, and moral Reflections, ſkall have no 
Body on has Side: they either will not peruſe him at all, 
or they will yawn at reading him. Whatever new Mo- 
ralities People have attempted to add to the few Reflections 
of the Duke de la Nochefbucauſt, where very ill received by 
the Publick. His little Book was fully ſufficient for the 
thinking Age, and will always be too much for one Age 
which never thinks at all. Nor ts it enough, indeed, 
when you deſire to improve Minds, and render them fruit- 
ful, that the 'Things you propoſe to them be good in them- 
ſelves ; they ought chiefly to be level to, and fit to make 
an Impre::.on upon Men of the narroweſt Capacity. Now, 
this is the peculiar Prerogative of Hiſtory ; It inchants the 
Reader, by offering to his Reflections a Chain of Facts, 
which, although they have not the Air of Leſſons, yet are 
the Seeds of the beſt Precepts, and, in Reality, contain all 
the moral Truths which the Mind does herſelf extract from 
them in a much more beneficial Manner. I own, that a 
fingle Word of Monſieur de Turenne, is, ſometimes, more 
affecting and inſtructive than the Recital of his Battles. 
But the Merit of that Word, the value of the noble Sen- 
timent 1t expreſſes, is never felt compleatly, without the 
Help of the Fact that occaſioned it. You may not only 
admire the Calmneſs of Mind, and good Order, that 
reign in all his Battles, but reap much Benefit likewiſe, 
from the Cautions that precede each glorious Day, and the 
Uulity he derives from them. Great Benefit may be 
reaped alſo from the very Confeſſions he makes of his Miſ- 
takes. Hiſtory, in ſhort, never ceaſes to give uſeful In- 
ſtructions, although it never appears ſo to do. Infinite 
Wiſdom itſelf uſed the ſame Method, when it came to in- 
ſtruct the Man it had created. Inſtead of always employ- 
ing plain Maxims, or cold Generalities; it delights in 
making him diſcover the wholeſome Truth in a Recital, 
and in the Appearance of a Matter of Fact. Sometimes it 
is a Sower, who throws his Corn into Grounds differently 
| prepared ; 
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repared; ſometimes the Father of a Family, who ſends 
into his Vineyard the Labourers he finds upon the Place, 
at ſeveral Hours of the Day. It is a Child reclaimed 
from the Errors of his long Miſcondu& : Or any other the 
like Event, intelligible to Men of all Capacities, and fit 
to invite them to unriddle the Truth wrapt in it. The 
divine Wiſdom knew her Work, and has taught Man ac- 
cording to his natural Diſpoſitions. . 

The ſame Practice proves of equal Uſe in 
the Study of the Signs or Words whereby we The. Science 
acquire a Means of mutually underſtanding - — 4 120 
one another, and of making Uſe of the Know- Jed. 
ledge of thoſe who lived before us. Languages may be 
ſtudied two different Ways, wiz. by the agreeable and con- 
ſtant Habit of converſing with thoſe who ſpeak weil, and 
with the politeſt Writers ; or by a long Study of all the 
general Rules to which Grammarians have taken Care to 
refer the Structure of the ſeveral Parts of Speech, and all 
the Accidents, Turns, uncommon Expre tons, and Changes 
they are liable to. This Matter is of the greateſt Mo- 
ment, as it is the Avenue to all Sciences. ſhall ſoon 
treat of it, when we come to the Article of Education ; 
and I hope that, after having convinced you of rx 
ciouſneſs now reigning in the preſent Eſtabliſhment of pub- 
lick Studies, I ſhall make you ſenſible of the Reaſon why 
a much greater Benefit is not reaped from them. This 
tranſitory View of the Subjects ſhews you, how ſurely and 
agreeable Facts will contribute to our Inſtruction, if we 
are but guided by that ſound Logick, or rather ſound 
Judgment, that knows how to make both a proper Choice 
and Application of them. 
The other Part of the univerſal Science, is the Know- 

ledge of Proportions and Meaſures. 


＋— 


* * — — wad 


The Science of Proportions and Meaſures. 


1 Man 1s a lively Picture of the ſupreme Maſter of the 
Univerſe, by the Notice he takes of every Thing in his 
Habitation; he is ſtill more ſo by the Skill with which he 
meaſures the Quantity, Extent, and Forces of the Bodies 
he employs. He makes himſelf ſure of the gc" 
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ſhall want; he fixes their ſeveral * and other Di- 
menſions and Proportions. He meaſures their reſpective 
Weights aud Actions in a Balance, in order to regulate all 
their Services. Here, more than any where elſe, we find 
him a Maſter who diſcerns the Value, and appropriates to 
himſelf the Uſe of whatever he meets with upon the Eſtate 
he is Poſſeſſor and Owner of. | 

Tis true, the Man who is a great Arithmetician, will 
not, perhaps, be a Geometrician, and the Perſon who is 
beſt acquainted with the Proportions of Lines and Figures, 
may be no Mechaniſt. But you will ſee, when we come 
to the Society of Man with his Fellow-Creatures, how ad- 
vantageous this Diviſion of Talents is, and in what Man- 
ner the peculiar Science of every private Man becomes a 
general Good to the whole Species. 

However, the firſt Ground of all theſe Talents does 
moſt truly reſide in every one of us. When we attempt 
to become ſyſtematical Philoſophers, and Searchers of Na- 
ture, we bring forth nothing but Darkneis and Difficulties: 
But we are all born Mechanicks and Geometers. Now, 
what we all of us are, without Exception, is very fit to 
point out to us the Kind of Learning we are appointed to 
profeſs. One fingle Occaſion, or an urgent Neceſſity, is 
ſufficient to awaken within, and produce without us, the 
Pricciple of Skill and Dexterity, which other Wants kept 
there aſleep. Robinſon Cruſoe, deſtitute of all Help in his 
forced Solitude, knows neither how to beat Clay into a 
kind of Mortar, nor how to burn it. He makes a great 
many vain Trials, to prevent ſometimes the tumbling of 
the Walls of his Retreat, ſometimes the ſinking of the 
Brink of an earthen Pan, which he would be glad to make 
round, and harden. He uſes all Sorts of Expedients ; and 
with much Precaution, he at laſt, becomes Potter, Car- 


penter, and Maſon. A Child who begins to caſt up upon 


his Fingers, and who is told that he is to have a fine Suit 
of Cloaths, or a Holy-day thirty Days hence, goes and 
hides thirty Pebbles in a Corner, and daily takes one 
away, in order to know how far he is from the Date of 
what he expects. By this Method, he learns both Addi- 
tion and Subſtraction at once. A Man grown up, but de- 
prived of the Advantages of a good Education, wall, not- 
withſtanding his being a Stranger to the Science of Mul- 

tiplication 
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plication and Diviſion, yet make a right Enumeration of 
the Things he 1s concerned in, by repreſenting them to 
himſelf by ſo many ſmall Sticks; either to make a Total 
of a Sum repeated ſeveral Times, or to divide a Sum into 
many equal or unequal Parts. Neceflity does not indeed 
give him any Inſtruction -1n point of Calculation; but it 
compels him to have Recourſe to an Induſtry he was poſ- 
ſeſſed of without knowing it. We ſhall ſee another, whoſe 
Meditations lead him ſo far as to make Rules 
to himſelf fit to guide him in other Caſes, and Counters. 
who orders in his Mind the Sums he is think- 
ing of, by connecting his too fugitive Ideas, with ſuch 
manageable Objects as ſmall Stones“, or Bits of Slate, to 
which he aſſigns different Names and Values, accordin 
to the Manner of placing them. From theſe Calculi, or 
Counters, ſome of which are reputed to be ſo many ſens, 
others Hundreds and Thouſands, is derived the Word 75 
calculate. | 8 

Man facilitates and ſhortens his arithmetical Operations 
ſtill more, by replacing the Service of Coun- Figs 
ters with a few Figures or chalked Letters, The Arith- 
Thus did the Romans ſhew one Finger, or Petical Fi- 
chalked the Figure. I, which repreſents it, 8e. 
which they had a Mind to expreſs Unity. The Roman, 
IT, III, IIII Fivgers drawn near each other, 
expreſſed the following Numbers. They depreſſe the 
three middle Fingers, and extended the "Thumb and little 
Finger only, to expreſs the Number five; which formed 
the Figure V. They ſignified Ten, by putting two V 
one upon another , or by writing an X. Then they com- 
bined the X, the V, and the I, till they came up to Fifty, 
or five Tens, which they expreſſed by laying the Five up- 
on its Side, thus . This figure aſſumed the Form of 
an L in this Poſture, and they made the Figure of a Hun- 
dred with two L thus put one upon another 1, and then 
rounded into a C. LO, was appointed to ſignify five Hun- 
dred, and CLO to ſignify a Thouſand, Theſe Figures 


were afterwards changed, one into D, the other into CIO, 
or into , and then into M. 


* Calculi, 


Moſt 
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| Moſt Nations have followed the natural 
The numeral Arithmetick of their ten Fingers, and are 
Figures of the uſed, in their Additions, to reckon Tens of 
2 and the Units, with which they make up Tens df 
He * Tens, or Hundreds, and then Tens of Hun- 
dreds, or Thouſands. They have, almoſt all of them, 
employed, as the Greeks and the Hebrews did, the Letters 
of the Alphabet ranged in Order, which was fixed by 
Cuſtom, to repreſent all imaginable Numbers. 
But, among them all, none employed a leſſer Number 
of Figures, or have more — varied the Significa- 
tion of them, than the Arabians. Every Man knows the 
nine Figures and Cypher they have invented. There is no 
Number but what can be expreſſed with this ſhort Appa- 
ratus, even without much Accumulation of Characters; 
becauſe the ſame nine Figures which have expreſſed Units 
in one Column, being tranſpoſed from the Right to the 
Left into the next, ſtand there for ſo many Tens of Units; 
and in the third Column for Tens of Tens, which are 
Hundreds, and for 'Tens of Hundreds, that is for Thou- 
ſands, in the fourth; always becoming, in their paſling 
from one Column into another, of ten times greater Value 
in one Column, than they were in the foregoing. How- 
ever, the Proceeding of this Numeration, the Skill of 
making ſeparate Columns to caſt up Sums of different Na- 
ture, ſuch as Fathoms, Feet, and Inches; the Precaution 
of putting a Cypher in the empty Columns, in order to 
keep up the Value of real Figures; a ſmooth ready Practice 
of the four common arithmetical Operations ; in ſhort, 
the Golden Rule, which, by Means of three Numbers 
known to us, immediately reveals a Fourth, which we 
could' not otherwiſe have found out, but with Difficulty ; 
all theſe Things, I ſay, are fo very plain, that they often 
become the Reſource and Talent of the moſt unthinking 
Minds. Let a Topick be given to twelve Orators, to diſ- 
courſe upon, the ſame Matter will be cleared by them, and 
repreſented in twelve different Lights. The Ground and 
Canvaſs is the Work of none of them, but the Arguments, 
Sentiments, and Beauties they dreſs it with out of their 
own Thoughts, have no Manner of Likeneſs to each other: 
Theſe twelve Diſcourſes appear ſo many ſeparate Creations. 
Give a Calculation to make to twelve different Arithme- 
t1C1ans z 
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ticians; all the twelve conclude moſt ſimply in one and 
the ſame Sum, which is at once a Commendation of their 
patience, and of the Rules by which they are directed. 
Theſe Rules are of ſuch infallible Service, and fo eaſy to 
be learned, that none but People whoſe Education has been 
utterly neglected, or marred, can poſſibly be ignorant of 
the Uſe of them. T ſhall not then, by any Means, inſiſt 
longer upon them with you. Let us rather paſs on to the 
nobleſt Part of the whole Scene of Nature. Let us behold 
Man ſtudying to render his Abode habitable, and making 
his Profit of every Thing, by the Pradlice of Meaſures — 
Mechanics. | 

Here we might be ſtopt by an Apprehenſion ſufficiently 
well grounded. Geometry, which meaſures Extenſion, 
and Mechanics, which weigh moving Forces in a Balance, 
are immenſe Sciences. They truly become ſuch, by the 
infinite Number of Uſes to which they are applied: Be- 
ſides, they are conſiderably clogged with Queſtions, not 
otherwiſe uſeful, and dictated — mere Curioſity. But, 
the Elements of them are ſimple: Nor do intend even ſo 
much as to teach you theſe Elements. I ſhall only, for 
your Sake, ſingle out but a ſlight Specimen of them. The 
right Line, the curve Line, the Lever, and the inclined 
Plane, ſhall be our only Apparatus, and we ſhall even be 
contented with the ſimpleſt and leſs complicated Propor- 


tions. If theſe four Inſtruments, which one — be 


apt to deſpiſe at firſt Sight, on account of their inſignifi- 
cant Appearance, have nevertheleſs been ſufficient to lead 
Man to perfect Inventions and innumerable Operations; 
the natural Concluſion to be drawn from it, and which is 
the End Ja mat, will be this, viz. That when Man exerts 


his Ingenuity, within the Limits of that Knowledge which 
aſſiſts his Government, and. directs the Operations of his 


Hand, his Efforts are infallibly rewarded by the Acquiſition: 


of a ſatisfactory Knowledge, and often even by unexpected 
Succeſs. 


8 PIES . 
— * ** — 


MEASURE S. 

H E ſtrict Union which is in us, between the Intel- 
: ligence and the Senſes, authorizes us to help the 
intellectual Subſtance with the ſenſible, and wy 
here- 
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Therefore the ſame right or circular Line that ſhall hare 
been preſented firſt to tue Mind as an intelligible Object, 
ſhall be entitled to appear again under the viſible Form of 
a Wooden-Ruler, a Braſs-Circle, or any other like Inſtru- 
ment. Truths are ſtill the ſame under either of theſe 
Forms; and it being juſt and requiſite that they ſhould 
carry their Demonſtration with them, to make us ſure of 
the Profit to be derived from them; we ſhall endeavour to 
render them equally ſtriking to both the Mind and the 


Senſes. Sure their becoming palpable can be no Detri- 


ment to them. 

Let People afterwards call them Definitions, Axioms, 
Corollaries, Lemma's, Practices, or any thing elſe, they 
are very welcome. Here, the firſt Truths, the firſt In- 
ſtruments, and the firſt Operations ſhall be called plainly, 
1, 2, 3, 4, 5, and ſoon, according to the Rank in which 
every Thing ſhall offer, to be afterwards recalled and 
quoted as need will require. Our Buſineſs is not here to 
teach Geometry, but only to ſhew how and to what bene- 
ficial Purpoſe Man is become a Geometrician. 

| 1. A Line ſtretched between two Pins, 
The r ght Line. gives us the Idea of a right Line, which, from 
| one Point to another, {werves neither to the 
Right nor Left. 

2. The right Line is conſequently the ſhorteſt Way from 
one Point to another; ſince any other Line begins to 
lengthen, as ſoon as it makes an Elbow; and the more it 
does ſo, the longer it will be. 

| 3. A looſe Chord gives us the Idea of the 
The curve curve Line, whoſe Curvature increaſes with 
Line. its Elbows and Windings. 

4. Therefore, no more than one right Line can be drawn 

from one Point to another; whereas an infinite Number 


of curve Lines may be drawn between them, which vary - 


as much as their reſpective Bendings. 

5. A line rubbed with Chalk ſtretched between two 
fixed Points, then raiſed in the Middle, and let go, marks 
out a right Line, which was ſufficient at firſt to rough-hew 
and make ſtrait a wooden Ruler, fit afterwards to direct 
other. Lines of the ſame Nature. |; 


6. The Ruler was rendered perfe&, by being applied to 


a Piece of Ice as ſmooth as level Water ;. or to a Piece of 


Marble 


Te . — . 
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Marble that was poliſhed by the uniform Preſſure of an- 
otker Marble. 

7. The Ruler applied to two Points is ſufficient, toge- 
ther with a Pencil, to draw out the whole Line, ſince that 
Ruler repreſents and helps us to find the ſhorteſt Way from 
one Point to another. 

8. The Ruler, when applied every Way 
to a ſmooth Surface, ſerves to ſhew whether The as Sur- 
that Surface is a perfect Plain, being itſelf face. 
perfectly even. . 

9. Or whether it is convex by riſing. — 3 

10. Or concave by ſinking. ; 

11. The Point may be conſidered phyſically, as the 
{ſmalleſt Portion of Matter; in which Senſe, a oint is as 
inconceivable to us as the whole Univerſe. 

12. Or, it may be conſidered mathemati- The 
cally, as the Beginning or End of Length, matical 
and as having the ſmalleſt Size that can poſ- 
ſibly bring it within the Reach of our Senſes. 

13. Taking it in that Senſe, a Series of 
Points is neceſſary to make a Length. 

14. ASertes of ſtrait or curve Lines ranged Breadth, 
by the Side of each other make the Surface, 
which is at the ſame Time long and broad. | 

15. Several Surfaces being underſtood, 8 ar So- 
like ſo many Leaves laid one upon another, 
form a Depth, or the ſolid Body, which has at once, 
Length, Breadth, and Depth. 


. Point, 


Length, 


16. When we have a mind to judge of unknown Quan- 


tities or Extenſions, we compare them to a Meaſure which 
15 _— 

The Want of a firſt Meaſure that 1,q4.,_ 
might be added to itſelf, and repeated ſeve- Meaſures. 
ral Times, cauſed Men to have Recourſe to 


divers Extenſions, which commonly prove much the ſame; ; 


ſuch as, The Grain ot 
18, The Breadth of a Grain of Barley.  _m or the 
19. 'The Breadth of the Thumb of a full — 
grown Man, or twelve Grains of Barley. 
20. 'The Breadth of his Hand, that is, a —5 Palm, or 
Palm, or four Inches, x. 
Yor. V. H 


Mathe-' | 


21. The 
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The Foot. = HY; The Length of his Foot, or twelve 
*4:4 Inches. INCEST 
The Cubit. 22. The Length which extends from his 


| Elbow quite to the End of the longeſt Fin- 
ger, or a Foot and a Half. ; | 
Thi Eb 23. The Length of his two Arms horizon- 
or fix Foot. . tally ſtretched out: But, as Nature offered 
us, in all theſe Things, none but changeable 
Meaſures, which neceſſarily — Uncertainty and 
Confuſion; People in Authority were forced to ſettle the 
Meaſures in each Diſtrict, by a Standard, or public 


| Meafure, 


24. The firſt common Meaſure, is the 


The Line. Breadth of a Grain of Barley, reduced and. 


fixed to a Standard. This Meaſure, which 
varies in Nature, and from one Diſtrict to another, is at 
leaſt ſettled and agreed upon within the Extent of a whole 
Province. It goes alſo, but in a new Acceptation, by the 
Name of Line. 

25. Twelves Lines, in this laſt Senſe, (that is, under the 
Notion of the ſmalleſt of our Meaſures) make the Inch, 
being placed one at the End of the other along a Ruler. 

20. Twelve of theſe Inches make up the Foot. 

The Fathom 27. Six Feet make the Fathom. 

| 28, Three Fathoms make the Perch of 
Paris, 'The Perch 1s 22, 24, or more Inches in other 
Places. Two thouſand Perches make up our ſhort League: 
Two thouſand, two hundred and cighty-two Perches 
make our common League ; five and twenty of which an- 
ſwer a Degree of the Meridian. We ſhall paſs over the 
other Meaſures, the Variety of which is ſtill greater, and 
even more arbitrary. It is enough, for the Exactneſs of 
any Operation, to "Tn what Meaſure 1s fixed upon. 
8 29. Beſides inſtituted Meaſures, there are 
3 alſo natural ones, which are the Diviſions 

we make of a Quantity or Extent into two 

Halves, three Thirds, four Quarters, and ſo on. 

30. You may take upon a Ruler, or any other Extent, 
whatever Meaſure you pleaſe, by only laying hold of two 
Points thereon; for (by the ſecondiand ſeventh Propoſi- 
tions) you will always expreſs the ſhorteſt ads between two 
Points, by applying a Ruler and Pencil to them. 
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i. From the foregoing Propoſition, two The 
Rulers wheeling about at one End upon a es. 
Nail which unites them, and opening their 


Compaſ- 


other two Extremities at Pleaſure, are a convenient Inſtru- 


ment to take and keep the Diſtance of two Points; this is 
what we call a Pair of Compaſſes. 

32. The greater or leſs Perfection of the Compaſſes con- 
ſiſts in the greater or leſs Uniformity of their playing at 


the Head, and in the Ending of both Legs more or leſs 


exactly in a Point, whereby to take and carry any where 
elſe more or leſs exact Points, 

33. All the right Lines of the ſame Opening of the 
Compaſſes are equal, ſince they are reſpectively the ſhort- 
eſt Way between two Points equally diſtant, 

34. The ſame Opening of the Compaſſes is not the 
common Meaſure of Curve-Lines, unleſs you are other- 
wiſe certain of their Bending being equal, and perfectly 
uniform. 

35. If you put one of the Legs of the Com- h 
paſſes upon a Point, you may, with the other I ine. 
Leg, draw a Curye-Line, which enters into 
itlelf again, and ends where it began. It is called Circu- 
lar-Line, Circumference of Circle, or plainly Circle, 
Fig. 1. | 
36 The Point in the Middle of the Circle 1s called the 

enter, 

37. The Line drawn from the Center quite to the Cir- 
cumference, 1s called the Radius. Fig. 2. 

38. All the Radii are equal; ſince they are ſo many 
equal Lines of the ſame Opening of the Compaſſes, Fig. 3. 

39. All the Points of the Circumference are equally di- 
ſtant from the Center ; fince they are the Extremities of 
Radii, and of the ſame Opening of the Compaſles. 

40. The circular Line being as uniform in the Diſpoſi- 
ion of its Parts, with Regard to the Center, as the right 

Line is with Regard to both its Extremes; all the Por- 
tions of the Circumference, that are taken in by the ſame 
Opening of the Compaſſes, will be equal. 


circular 


41. The ſame Opening of the Compaſſes may ſerve 2s 


a common Meaſure upon the ſame Circumference, or upon 
Circumferences that are equal, but not upon unequal Cir- 
cumferences: Becauſe, | 
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42. The Bending or Curvature varies in Circumferen- 
ces, as their Diſtances do in Regard to the Center. 

3. However, as we compare a ſhort right Line with a 
Jong one, by dividing the former into as many proportion- 
able Parts as the latter; we likewiſe find infallible Pro- 
portions between a ſmall and a great Circle, by dividing 
them both into ſo many proportionable Parts, as Halves, 
Quarters, Eights, &c. | 

44. One Part of the Circumference is an 
The An. Arch. Fir. 4. - - 
45. The Line drawn and ſubtended from 
The Cherd. one End of the Arch to the other, is the 
Chord of it. ; 
6. A Portion of a Circle, comprehended 
Re e an Arch and its Chord, 2 called a 
Segment. | 
' The Sector. 47. A Portion of a Circle comprehended 
between an Arch and two Radii, is called a 
Sector. Fig. | 


48. The Chord which goes through the Center, is 
called the Diameter. 1 16 2 * 

The Diameter is double of the Radi- 
—_— * wm it conſiſts of two Radii. 

50. Any Chord that does not paſs through the Center is 
leis than the Diameter: For, if, from the two Points 
which terminate the Chord a b, or the Chord A B. (Fig. 7.) 
you draw two Lines to the Center, they will be two Ra- 
dit, which are together equivalent to the Diameter; (from 
the foregoing.) Now, theſe two Radu become a curve 
Line, by making an Elbow at the Center; and a curve 
Line drawn between the Points A b, or a b, is neceflarily 
longer than the right Line drawn from the ſame Points 
(Prep. 2.) Therefore the Diameter, which, as well as 
that curve Line, is equal to two Radu, 1s longer than the 
Chord a b, or A B, or any other Chord that does not paſs 
through the Center. 

51. The Chord, which does not paſs 8 the Center, 
cuts the Circle into two Segments, one ſmaller, the other 
greater, (Fig. 8.) and the largeſt is that which takes in the 
Center ; ſince the Diameter which paſſes through the Cen- 
ter, is greater than that Chord, (From the foregoin ) 

52. When 
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52. When we ſpeak of a Chord and its Arch, we under- 
ſtand the ſmall Segment, unleſs ſome Hint be given to the 
contrary. Fo 
The Cireumference of the Circle may e Diviß 
. . . VINONR 
be divided either by a natural or an arbitra- of the Circle. 

Diviſion. 

54. The firſt natural Diviſion is made by the Diameter, 
which cuts the Circle into two Halves perfe&ly equal : 
For, if the Circle was of Braſs, and the Di- By Pg 1 
ameter of it made a turning Joint, by fold- meter. 
ing one Arch over the other, you would find 
all their reſpective Points in an exact Correſpondence ; 
. otherwiſe the Points of the one Side of the Circumference 
would not be, with reſpe& to the Center, at the ſame 
Diſtance as thoſe of the other, which would contradict the 
Definition of the Circle. Prop. 35.) 85 

55- The ſecond natural Diviſion is made f, the Ra- 
by the Radius, the Meaſure of which, Fig. q. 4 | 
being transferred upon the half Circumfe- 
rence with the Compaſſes, always cuts ic into three, or, 
when transferred upon the whole Circle, divides it abſo- 
lutely into fix equal Portions, which is an Introduction to 
a Multitude of other no leſs certain Divifions, and innu- 

merable Proportions between great and ſmall Figures. 

56. The arbitrary Diviſion is that which , arbitra 
divides one of thoſe fix Arches at Pleaſure. Piviſion. * 
Cuſtom has fixed the Diviſion of an Arch | 
meaſured by the Radius to ſixty equal Parts called Degrees, 
which are found again in ſmall in the ſixth Part of a ſmall 
Circle, as theſe ſixty Degrees are in great, in the ſixth 
Part of a large one. 

57. This Diviſion is commodious, as it may be ſubdi- 
vided into twice Thirty, thrice Twenty, ſix times Ten, 
five times Twelve, twelve times Five, or otherwiſe. 

5 8. There is the ſame Conveniency in the : 
whole Circle, which by that Means, confifts as ie l 
of 360 equal Parts, diviſible into two Semi- circles of 180 
Degrees each; into three Thirds of 120; into four Quar- 
ters of ꝙ; into eight half Quarters of 45, Wc.  < 

59. They alſo cut each Degree into fixty The Minutes, 
Miautes, each Minute into ſixty Seconds, Seconds, 


each Second into ſixty Thirds, and fo on, if Thirds, Se. 
| | Hy the 


— 


* - » 
—— r - 2 => AEM — 8 
DICED >< LY — 2 = © — — — — oe * — 
12 BUS 
* — 8 
af — > 13 . 2 1 6 4 
—_——— . — ys 0 — 
- — 4 PET — * 
— * — * a — N = * N 


—_— 
3 


— 


1 A O 
— — — = 


—— 
— 


7 rr 
- — 2 
-* * K _ 


150 DIALOGUE XII. 


the ſubdivided Parts are of an Extent ſenſible enough to 
admit of. any ulterior Subdiviſions. | 

60. By Means of theſe Diviſions, and of the Propor- 
tions they afford between great and {mall Objects, we are 
able to execute exactly in great what we had meaſured in 
ſmall ; and, on the contrary, to reduce the Meaſures of a 
large Ground into a very ſmall Compaſs, that we may 
conveniently make there the Diſtribution and Diſpoſal we 
project for the large Space. i 

61. We may compare not only a right Line with a right 
Line, a Circle with a Circle, or one Portion of a Circle 
with another; but alſo a Circle with a right Line, in ſuch 
Manner, that the one procures us the Knowledge of the 
other; becauſe, 

62. When you have equal Arches, you have alſo equal 
Chords in the ſame Circle, for the ſame Opening of the 
Compaſſes gives equal Portions in the ſame circular Line, 
and meaſures equal right Lines at one and the ſame Time. 

63. Of courſe, an reciprocally, equal Chords ſupport 
equal Arches in the ſame Circle. | 

64. If froin any two Points like A and B, taken each of 
them for a Center, you draw two equal Circles, that cut 
one another; for Inſtance, in CD, Fig. 11. the Points of 
Interſection C D, will be equally diſtant frem A and B, 
and A and B will be reciprocally at- equal Diſtances from 
.C D, fince they are diſtant from each other by a like 
Opening of the Compaſſes, 

65. The two Arches of two equal Circles that cut one 
another are equal, having the fame Chord, a common 
Meaſure C D being taken with the ſame Opening of the 
Compaſſes upon equal Circles. 

66. The yu AB, which unites the Centers of two 
equal Circles, cuts the two interſected Arches exactly in 
the Middle. For this Line being ftrait, and (from 64,) 
equally diſtant at both its Ends A B from the Interſections 
CD muſt, in its whole Length, not draw nearer C than 
P, and conſequently meet the exact Middle of the Arches 
which have C D for their Meaſure. 

67. The fame Line which cuts the Arch into two Halves, 
cuts alſo the Chord into two equal Parts. 

The Perpen= 68. A Line Fig. 11.) falling upon an- 
dicular, other, without inclining more on one Part 
than on the other, is called a Perpendicular. © 69. The 
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69. The Line upon which the Perpendicular falls, is re- 
ciprocally perpendicular with regard to the other. D C is 
perpendicular upon A B, and AB upon DC. For, as the 
Points D Care, from the Conſtruction, diſtant by an equal 
Opening of the Compaſſes from A and By fo are A B di- 
ſtant by an equal Opening of the Compaſſes from D and 
C. Now, being certain of two Points of a right Line, is 
knowing the Direction of the whole Line. | 
70. To erect the Perpendicular D C oa A B, there is no 
Neceſſity to draw Circles. It will be enough, it from the 
Points A B you mark out Portions, of Circles that cut one 
another in D and C. They are equivalent to the whole 
Circle, becauſe you have, by Means of them, two Points 
equally diſtant from A B, ( Prop. 64.) which (from Prop. 2.) 
is having as much as the whole Line DC. 
71. = the given Point D without the 
Line A.B, fig. 12. but one Perpendicular 
D C, can be let fall upon that Line. For, 
all the others that have been drawn from the ſame Point D, 
as e, f, g, h, are oblique, that is, inclined, and they are 
the more inclined. to B, as they are nearer to . 
72. Thoſe of the oblique Lines which ſwerve moſt from 
the Perpendicular are the longeſt ; for the oblique Lines h, 
g: f. e, are the Halves of ſo many curve Lines which ter- 
minate in DC. Now theſe Curves are by ſo much the 
longer, as they ſwerve moſt from the ſhorteſt D C: There- 
fore it is the ſame with their Halves e, f, g. h. 
73. This laſt Method of cutting a right Line with a Per- 
pendicular, ſerves alſo to cut into equal Portions a Semi- 
circle, or an Arch, or a Chord, and to find. the Center. 
For, the Line whoſe Extremities are carried by an equal 
Opening of the Compaſſes to an equal Diſtance of the two 
Extremities of the Arch, remaining in its whole Length 
equally diſtant. from both theſe Extremities, muſt needs 
meet the Middle of the Arch, the Middle of the Chord, 
and the Center; fince theſe three Points are each of them 
128 at equal Diſtances ſrom the Extremities of the 
ch. | 123 
74. The ſame Method ſerves to cut a Circle into four 
Quarters: For, if each Semi- circle is naturally meaſured 
by three Radii, ſupporting each of them an Arch of 60 
Degrees; the Perpendicular which cuts each Semi- cirele 
H 4 exactly 


The oblique 
Line. 
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exactly in the Middle, leaves on each Side the Value of an 
Arch of go Degrees, equivalent to 60 and zo. 

75. Therefore the Circle ſerves either to find or prove 
you have found the Perpendicularity of one Line to an- 
other, 

76. Being required to erect a Perpendicular upon the 
Extremity A of the given Line A C, fg. 13. carry your 5 
Compaſſes opened at Pleaſure from the Center A to B, and + 
draw a little more than the quarter art of a Circle ; carry 
the ſame Opening or Radius from B quite to D; and then 
cut the Arch B D (Numb. 70.) into two, to have the exact 
Half of your Arch, which Half being carried from D to 
E, the Point E and the Extremity A ot the given Line will 

procure you the Perpendicular deſired. For, three Arches, 
of 3o Degrees each, are the Meaſure of the quarter Part 
of a Circle, ſince three Arches of bo meaſure the Half. 
77. If it be required to draw a ſecond 
Parallel Lines. Line D D, fg. 14. parallel to the firſt C C, 
that is, equally diſtant from it in all its re- 
ſpective Parts; draw a Circle that cuts the firſt Line in two 
Points, and from theſe. two Points of Interſection C C take 
two Arches C D, CD, of the ſame Opening of the Com- 
pailes. From Prop. 40. the two Extremities of theſe Arches 
are two Points equally diſtant from the firſt Line. There- 
fore the right Line drawn by theſe Points D D, ſhall, in 
its whole Length, keep at an equal Diſtance from the firſt 


Line C C. 
. 78. Circular Lines and Portions of Circle 
I ig gee: may alſo be parallel, and will be fo by draw- 


ing them one under the other from the ſame 
Center, Fig. 15. For, all the Points of the external Line E 
are the Extremities of ſo many equal Rad:i, and all the 
Points of the internal I are the Extremities of Radu equa]- 
ly ſhortened. You have then a Space every where equal 
between the two. Theſe Circles and Arches are called 
Concentric, and thoſe which have not the ſame Center are 
called Excentric. 
79. All the Lines, which terminate at the Center of con- 
centric Circles, make there the ſame Diviſions ; of Halves, 
for Inſtance, of Quarters, or of as many proportional De- 
grees as you pleaſe. 


80. The 
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80. The Circles within or without each other are ſtill 
olf the ſame Nature, and diviſible into the ſame Number 
of Degrees. Therefore the Lines which paſs through the 

Center produce the ſame Diviſions in all Circles. Whence 
it follows, that; | 

81. Any ſmall or great Circle is equally fit to demon- 
. ſtrate ta you the Exactneſs of your Meaſures, by Diviſions 
of 180 Degrees, which are the Half, or of go, which are 
the quarter Part, or of 60, which are the ſixth, or of 45, Lhd 

which are the eighth Part of the Circle; and ſo on. Wl 

82. When People have a Mind to find theſe Meaſures 4 hy 

directly, which are indeed of infinite Uſe, they do not od 
with the Compaſſes. ſeek for the perpendicular or oblique wt 
Lines, and what Degrees they may ſtand in need of; as $i | 
theſe Meaſures may be ſupplied with Inftruments which ö 
contain them before-hand, and will afford as many of them To 
as may be wanted. i 


83. Although, then, the Ruler and Compaſſes may pro- | 
cure all; the Square, the Bevel, the Protractor, the Plumb- 1 
line, the Level, c. are added to them for the Sake of Ex- . | 

pedition. Ty | | | | 

84. The Square, Fig. 16. conſiſts of two | 
immoveable Rules or Branches faſtened per- The Square. 
pendicularly at one of their Extremes, to di- | . 
rect any perpendicular Line, or divide a Circle into Quar- 17 if 
ters. 5 [IM | 

85. The Bevel, Fig. 17. is a kind of Square, | 
conſiſting of two Rules faitened at one of The Bevel. 
their Extremes, but moveable on a Joint, to 
give immediately any oblique Line, or a Perpendicular, . 
according to the greater or leſs Opening of them. * 

86. The Opening of the Rules of the Be- 
vel, and the diverging of any Line from an- The Protractor. lf 
other, is meaſured with the Protractor, which 
conſiſts of a Semicircular Limb of Braſs, divided into 180. 
Degrees, Fig. 18. The French call it Rapporteur, becauſe 
you take upon it the Number of Degrees you want, to 1 
transfer and lay them down on the Spot, or on Paper; | 
giving the Lines drawn from the Center the ſame Diver- | 
bench they have in the Inſtrument, the Diviſion produced | 

y the Lines converging and meeting at the Center being "1 RR 
the ſame in the ſmalleſt as in the largeſt Circles. | | | 
| Hs 3997, Theſe: 1 
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87. Theſe Operations and Inſtruments will help you to 
draw with Exactneſs a Perpendicular, or an oblique Line 
raiſed ſo many Degrees above the Diameter, when you 
work on the Ground, or on Paper : but they will not give 
you a Perpendicular to the Horizon ; as for Inſtance, a 
Stake planted upright. For this laſt Operation, they have 
Recourſe to the Plumb-line, which conſiſts of a Thread or 
Chord, hung to a Piece of Lead, Fig. 19. Man knows 
not the Cauſe of the dire& Gravitation of a Weight to- 
wards the Horizon; but he is certain of the Fact, and he 
makes ule of that Certainty to compare the Direction of 
an upright Stake or Wall with that of a Chord, which the 
Weight hanging on, retains at the Diſtance of 90 Degrees 
from the Horizon every Way. 

88. Whena Line or Surface parallel to the 
The Level, Horizon is wanted, they make Uſe of the 
| Level, Fig. 20. and 21, which is a Rule 
having a Bar vertically raiſed on it, and traverſed in its 
— by a perpendicular Cavity, that ſerves to admit a 
Thread faſtened at Top of it, to the other Extremity of 
which hangs a Piece of Lead playing in a ſmall Vacancy 
at the Bottom of the vertical Bar. It follows from this 
Diſpoſition, that the inferior Rule repreſents the Horizon, 
and is parallel to it, when the Chord or Thread happens 
to be upon that Rule as. it is on the Horizon, that is, 
without inclining to either Side. Now, this muſt happen 
whenever the Chord plays in the fiducial Line or Cavity 
which admits it: nor does it indeed leave that Line, but 
when the Ruler drawing nearer one Side of the Horizon 
than the other, obliges the Chord to incline. | 

89. A Line falling on another Line, makes an Angle 

with it. 
| go. The Point in which the Sides or Legs 
The Angles. of an Angle unite, is called the Vertex of the 


| Angle. 
Th . 91. The Quantity of one Angle compared 
of NT” with another, does not conſiſt in the Length 


of its Legs, but in the Number of Degrees 

which may be reckoned from one Leg to the other, ſup- 

poſing the vertical Point to be the Center of 2 Circle, or 
placed in the Center of a Protractor. 

92. An Angle may be of three kinds, viz, right, ob- 

tuſe, and acute, It 
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Tt is called Right, when it takes in go De- The Right 


ees. Anzle. 
10 It is Obtuſe, when it takes in above nine- 1 o 
ty Degrees. 

It is Acute, when it takes in leſs than , 
Ninety. The Acute: 


93. The right Line which falls perpendicularly on an- 
other right Line, Fig. 22. forms two right Angles, of go 
Degrees each, being 180 together. | 

94. The acute Angle, and the obtuſe made by a right 
Line, Fig. 23. falling obliquely on another right Line, are 1714 
together equivalent to two right Angles ; fince they fill u Ht 
the Place of them. If the acute Angle is 45 Degrees, the {3.00 
Obtuſe will be 135, being together 180 Degrees. | 

95. From Prop. 93. the Perpendicular being continued 13/4 
beyond the Diameter, or beyond any other Line, without i 


any Regard to the Circle, 'forms four right Angles at the j f 
Point of Interſection, Fig. 22. 3: 1.aie] | j 
96. From Prop. 94. Any right Line that cuts oblique- | | 

| : 


ly another right Line, Fig. 23. forms two acute, and two v 104 
obtuſe Angles, equivalent to four right ones, of which i 
they fill the Place, each obtuſe Angle having ſo much more 

as each acute has leſs. Therefore, | 

97. All Angles vertically oppoſite are equal, the right 
to the right, the obtuſe to the obtuſe, and the acute to the 
acute, | | 

98. A Line perpendicular to another, falls according to 
the ſame Direction, and has the ſame Effects on the Line 
parallel to it, Fig. 24. not inclining more to the one than 
to the other. Therefore (from Prop. 95.) 

99. A Line perpendicular to two parallel ones, makes 
eight right Angles with them, vi. four external, without 
the Lines A, B, C, D, and four internal within the Lanes 
a, b, c, d. 

100. A Line falling obliquely on another Line, Fig. 25. 
falls with the ſame Obliquity on its Parallel, and produces 
the ſame Effect with it. Therefore (from Prop. 96.) 

101. A Line which cuts two Parallels obliquely, makes 
with them four acute Angles, equal among themſelves 
C b, c B, and four equal obtuſe ones, A d, a D. 

102. The four external Angles, A, B, C, D, being two 
acute, and two obtuſe, are equal to the four internal ones 

N 6 a, b, 
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a, b, c, d, which are alſo two acute, and two obtuſe, 
Therefore, 8 

103. The internal alternate Angles, like c b or a d, 
which are taken on one Side of the Oblique upon a Paral- 
lel, and on the other Side of the ſame Oblique upon the 
other Parallel are equal, and the ſame as thoſe vertically 
oppoſite. Whence it follows, that, 

104. Two Angles on the ſame Sides of the Oblique 
within as b d, or a c, and without as B D, or A C, being 
always one obtuſe, the other acute, are equivalent to two 
right ones. Theſe two laſt Propoſitions are of inſinite Uſe 
in all the Parts of Mathematics. | 

195. Nothing being more critically exact and neceſſary, 
than a true meaſuring of Angles, the Facility of taking 
them by Means of a ſolid Line turning freely at the Cen- 
ter of the Circle, gave Birth to the Invention of the Gra- 
phometer, or Senucircle. : 
106. The Graphometer is a Silver or Braſs 
— —— Circle, or — exactiy divided, and 

having an Alhidade or Rule turning on the 
Center. This Inſtrument has been improved with the fi- 
ducial Line, (linea fiducie) the Sights, and the Ball and 
Socket. - 
f 107. The Line, which traverſes the whole 
3 Alhidade exactly in the Middle cutting the 
Center, is called the fiducial Line, becauſe 
it ſhews, with a certain Exactneſs, the Degree or Minute 
you want. Ma 

108. The Sights are two thin Plates of Braſs, perpen- 
dicularly raiſed on the two Extremes of the Alhidade or 
Index, with a Slit or Aperture along their Middle, and 
perpendicular to the fiducial Line, that nothing but the 
Object required may be ſeen through both Apertures; 
which ſerves to ſhew, by the correſponding Degree, how 
many Degrees the Angle between this Object and another, 
towards which the End of the Diameter has been previouſſy 
directed and fixed, contains. You may alſo, for the Sake 
of a greater ExaGineſs, raiſe Sights at the Extremes of the 
Diameter. You may, if you will, inſtead of Sights, uſe 
a Couple of Spying-Glaſſes, one immoveable, and laid 
along the Diameter; the ctzer moveable, and ſhewing up- 
on the Diviſions of the Graphometer the Divergency — 
| e 
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the Angle between the two Objects in Queſtion. A Silk- 
Thread croſſing. the common Focus of the two Glaſſes. 
where the Image is formed, cuts alſo the Object, and brings. 
the exact Middle of it upon what Degree, Minute, Oc. 
you pleaſe. 

109. The Ball and Socket conſiſts of a Braſs 
Sphere, or Button, faſtened under the Inftru- TheBall and 
ment, and two Braſs Concaves, which gralp Socket. 
the Button in ſuch a Manner, that by Means of a Screw. 
which faſtens the two Concaves at Pleaſure, and of a Side- 
hole, wherein the Neck of the Button may be laid ſide- 
ways, you are able to place the Semicircle, either hori- 
zontally, to take the Angles between Objects on the Earth, 
or vertically, to take Angles between the Horizon and a. 
Star, or between one Star and another. 

110. The laſt Inſtrument added to the fore- : 
going, is the Scale, or the Rule divided into The Scale. 
Jen, a Hundred, a Thouſand, or ten Thou- 
ſand equal Parts, pointing out exactly the largeſt Meaſures, 
to which theſe ſmall ones bear a known Proportion. 


111. You may draw a Scale, by dividing the Side of 


ſuch a Rule as AB into a Number of equal Parts, that 
may be to that known Line A B what Fathoms or Perches 
are to a certain known Extent of Ground; ſabdividing 
every one of theſe Parts into as many leſſer as you pleaſe, 
of fix for one, for Inſtance, being thus to each primary 
Part, what Feet are to Fathoms. 

112. You may make a ſtil] greater Reduction in the 
ſmall Scale, by dividing it into equal Spaces, that ſhall be 
Tens; ſuch as, 10, 20, 30, 40, 50, 60, 70, 80: and then 
ſubdividing each Part into Ten, that will be the Subdivi- 
lion of the Spaces, 10 and 20, 20 and 30. c. Fig. 27. 

113. To have the Diviſion of the Seale, 
divide the Line, which is the Side of it, into The Diviſion. 
Eight, for Inſtance; which is a very ſpeedy ef the Scale, 
Operation. Let the Line AB, Fig. 27. be the defired 
Line, or the Line equal to the Side of the Scale you in- 
tend. By Prop. 77, draw the Parallel indefinite DE: 
Erect on D E, by Prop. 76, and draw through the Extre- 
mity A, the indeſinite AC, whether it be perpendicular 
or not, is no Matter; as it will be of equal Service to you 
in both Caſes ; However, I ſhall here ſuppoſe it to be per- 
"8 pendicular, 
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pendicular, that the Effect of it may be eaſier perceived. 
Meaſure upon D E eight 'Times, the ſame Opening of the 
Compaſſes; from the laſt Diviſion in D E, draw another 
Line paſling through B, it will come to C. From the 
Point C draw as many Lines as there are Diviſions in DE; 
they will cut the given Line A B in eight Points, whereby 
you will find it divided into eight equal Portions. For, 
although all theſe Lines muſt, on Account of their being 


remoter from the Perpendicular in DE than in AB, of 


courſe become longer, and be ſeparated by greater Spaces 
in DE than in AB; yet they produce in AB propor- 
tionable, though ſmaller Diviſions, which have the ſame 
Equality among themſelves as the great: Since all theſe 
Lines which croſs two Parallels, and fall on them with 
the ſame Inclinations, muſt of courſe keep the ſame Or. 
der in {mall upon the one, as they keep in great upon the 


other, ſetting out from the ſame Point: Now the Diviſi- 


ons in great are equal among themſelves; therefore they 
are alſo equal in ſmall. | 

| Having divided your Line A B into eight 
The Subdivi- Parts, being each of them ten Fatizom, or 
fion of the Perches; it will be an eaſy Matter for you 
Scale. to take round Numbers upon at, ſuch as, 10, 
30, 50, Tc, Burt if you would fix upon it a Value of 15, 
27, 63, or any other Quantity; you mult finiſh your Scale, 
by a Sub-diviſion, of Ten of each of your eight Tens, 
To avoid Confuſion in ſuch ſmall Space they have found 
Means to mark all the Numerations in a very diſtin Man- 
ner, by taking them upon the Breadth of the Rule, in the 
following Manner. 

Upon AB (Sequel of Fig. 27.) ere the Perpendiculars, 
APD, BC, and cut them by ten Parallels equally diſtant 
from each other. 'Then divide the tenth Line D C into 
eight equal Parts, like thoſe of the correſponding Line 
A B, and inſtead of uniting the Diviſions by Parallels, 
draw the tranſverſe or diagonal Lines AE, 10 F, 20 G, 
and ſo on. 1 

114. The Uſe of all theſe Meaſures is con- 

The Uſe of the venient. If you have a Mind to take in 
CF. ſmall upon your Scale the Value of 23 Fa- 
thoms : Look out in your Scale for the Meeting of the 
tranſverſe Line 20, with the Parallel 3, which is at the 
Point 
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Point of Interſection marked Z. The Space 32 ſhall be 
the 23 Fathoms defired. Would you have 58? Take 
the Point of Interſection of 50 and 8, going from 8, quite 
to Y, where the Parallel 8 meets the tranſverſe Line 50. 

115. This Subdiviſion, and the Facility of taking any 
Numbers without Confuſion by means of theſe tranſverſe 
Lines are Inventions ſo commodious, that they are applied 
through the whole Extent of the Graphometer, which 1s 
without Diſpute one of the perfecteſt of our mathemati- 
cal Inſtruments, 1 

116. The Service of theſe Inſtruments is conſiderably 19 
aſſiſted; nay, the Uſe of them is even totally diſpenſed 4 
with, by making a Collection of many certain Obſerva- 4 
tions, which enable us, from a firſt Meaſure perceived in | 
the Diſpoſition of the Angles, immediately to aſſign the 
other Meaſures defired. We ſhall here mention only the 
moſt fruitful of theſe general Obſervations, 

117. If you know the Value of one of the two Angels, Fl 
that divide a Semicircle or a Quadrant, you know alſo Wt 
the Value of the other, which is the Supplement or | 
Overplus of the firſt Number to go in the Quadrant, or | 
to 180 Degrees in the Semicircle. | 

:18, If, in a Semicircle (Fig. 28.) divided into three 
Angles, you know two of the ſaid Angles, one, for In- | 
ſtance, of 50 Degrees, the other of 25, you know alſo f 
the third Angle, which 1s 105; for 25 and 50, which [i 
make 75, being ſubſtrated from 180, the Remainder | 
15 105. 

64 The Angle at the Center, that is, the Angle | 
which has its Vertex in the Center A. (Fig. 29.) has | 
for its Meaſure the Arch on which it ſtands: For a Per- 
pendicular in the Center, ſuch as B A, forms two r.ght 
Angles there, which are go Degrees each; and the ſame | 
Perpendicular being transferred obliquely from the Center 4x 
A, into C, by exactly the Half of a right Angle, forms f | 
there an acute and an obtuſe Angle, and the Obtuſe 135 | 
acquires the 45 loſt by the other. | 

120. It is the ſame with all the Angles formed by a | 

| 
| 


Line falling on another, either at the Cenzer of a drawn 
Circle, or at the Center of a Circle not drawn, but ima- 
ginary. But when a Line meets with another, in the Pe- 
riphery, or any where but at the Center of a Circle, the | 
FE Meaſures | 


Om 


_ —— 
2 44 TOTS 


they fill are the ſame in like Circumſtances, and are de- 
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Meaſures change according to the Circumſtances; - but 


termined without any Operation, by general Principles, 


which are very expeditious. 


121. A Tangent T (Ftp. 30) that is, a 
The Angles of Line which touches the Out-ſide of a Circle 
the Segments. only in one Point T, makes with the Per- 


pendicular P two right Angles, and with a Chord I, fal- 
ling obliquely on the Point of Contact T, two unequal 
Angles, wis. One obtuſe O, the other acute A. In the 
firſt Caſe, which is that of the Perpendicular P falling on 
the Tangent I, each right Angle has for its Meaſure the 
Half it contains of the Semicircle. In the other. Caſe, 


viz. that of tne oblique Line I falling on the Tangent at 


the Point T; the obtuſe Angle O, comprehends the Arch 


of the greater Segment TP I, and has one Half of the 
greater Arch it comprehends for its Meaſure :. The acute 
Angle A comprehends the Arch of the leſſer Segment 


T AI, and has for its Meaſure one Half of the ſmaller 


Arch ſubtended by one of its Sides. For, as the Line P. 
which 1s perpendicular to the Tangent, makes two right 
Angles of go Degrees each, which is Half of the Degrees 
of the Semicircle comprehended by each of them, ſo does 


the oblique Chord I make with the Tangent T the two 


right Angles O A, equivalent to the two Angles of which 
they take up the Room: They have, therefore, (taken 
together) half of the whole Circle for their total Meaſure. 
Now, the Angle A, which is the acute, has loſt that Part 
of the Value of the right Angle, which is given to the ob- 
tuſe O. Therefore, ſince the right Angle had for its Meaſure 
one Half of the Semicircle it comprehended ; the acute A 
muſt needs have for its Meaſure one Half of the Arch of 
the ſmaller Segment, and the obtuſe O one Half of the 
Arch of the greater Segment, which, together with the 
leſſer one, make the whole of the Circle: Otherwiſe, 
theſe two Angles would not have for their Meaſure one 
Half of the Circle as well as the two right Angles they 
replace. 
ET 122. The Angle at the Periphery, Fig. 31, 
The Angle at which has its Vertex in the Circumference, 
the Periphery. and is alſo called the Angle inſcribed in the 
Circle, ſuch as the Angle M in this Figure, has for its 
N Meaſure 
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Meaſure one Half of the Arch D it ſtands upon : For, the 
three Angles A M B formed upon the Tangent in a, fill 
up the Room of two right Angles, and have Half of the 
Circumference for their Meaſure. Now, from the fore- 
oing Propoſition, the Angles of the two Segments A and 
have for their reſpective Meaſure one Half of the Arch 
they comprehend. Therefore, the Angle M, which is the 
Angle at the Periphery, has for its Meaſure one Half of 
the remaining Part of the Circle, that is, one Half of the 
Arch D it ſtands on. Whence it follows that, 

123. The Angle at the Center a a, as D | 
(the jame Fig.) which, as it has its Vertex The Angle at 
in the Center a a, muſt, (from Propoſ. 118.) the Center. 
have for its Meaſure the whole Arch it ſtands on, is double 
of the Angle at the Periphery M, ſince the latter having 
its Vertex in the Point (a) of the Circumference, muſt 
(from the foregoing Propoſition) have only one Half of the 
Arch D it ſtands on for its Meaſure : whence follows an- 
other Propoſition of great Uſe, wiz. | 

124. All the Angles, ſuch as ABC, Fig. 32. which 
have their Vertex at the ſame Periphery, and their Legs 
ſtanding upon the ſame Arch, are equal, as they all of 
them have one Half of that Arch D, for their common 
Meaſure, It neceſſarily follows from the ſame Principle, 
that, 

125. All the Angles that can be inſcribed in a Senu- 
circle, Fig. 33. are ſo many right Angles: The very Fi- 
gure decides their Quantity at once, ſince having, all of 
them, their Vertex at the Periphery, and all their Legs 
ſtanding on the two Extremes of the Diameter, they ne- 
ceſſarily have one Half of the Semicircle for their com- 
mon Meaſure ; that is, go Degrees, (from Propo/ 121.) 

126, 'The Angle A, Fig. 34. which has its Vertex be- 
twixt the Center and the Periphery, has for its Meaſure 
one Half of the Arch d e, on which it ſtands, and one Half 
of the Arch f g, which the two Legs of A prolonged over 
the Vertex ſtand on. For A being equal to B, which is 
vertically oppoſite to it, is alſo equal to C the alternate 
Angle of B between two Parallels (from Prope/. 103.) 
Now C, which is at the Periphery, has (from Propo/. 122.) 
for its Meaſure one Half of the Arch d h, that is, one 
tlalf of de, and one Half of e h; and e h is equal to: 


f Ss, 


= DMMHATOSUE XHL 
ft g, (from Propo/. 77.) becauſe they are two Portions of 


the ſame Circle between two. Parallels: Therefore the 
Angle A, which has its Vertex betwixt the Center and 
the Penphery, has for its Meaſure one Half of the Arch 
de, which its Legs ſtand on, and one Half of the Arch 
fg, on which ſtand the ſame Legs prolonged over the 
Vertex. ; 

127. The Line which traverſes the Circles and go out 
of it is called Secant. 

The Angle B, Fig 35, formed by the Chord c, and 
by the external Part of a Secant d, has for its Meaſure, 
one Half of the Arch ſubtended by the Chord c, and one 
Half of the Arch ſubtended by the Remainder of the Se- 
cant d. For the acute A and the Obtuſe B are equivalent to 
two right Angles, and have, if taken together, one Half 
of the whole Circle for their Meaſure. Now, the Angle 
A being at the Periphery (Prep. 122,) has one Half of 
the a it ſtands on for its Meaſure: Therefore, the ob- 
tuſe Angle B has for its Meaſure one Half of the whole 
Remainder, or, which is the ſame, one Half of the Arch 
c ſubtended by the Chord; and one Half of the Arch d 
ſubtended by the internal Part of the Secant. wn 

Although you may know the Value of theſe and all 
other imaginable Angles, by placing their Vertex at the 
Center of a Circle drawn for that Purpoſe; it 1s never- 
theleſs convenient to diſpenſe, as much as poſlible, with 
any new Operation, by Help of a few general Maxims 
which accuſtom the Mind to diſcern at one View the 
Quantity of an Angle, -in ſuch or ſuch Circumſtances. 
What goes before is ſufficient to inform us, that the moſt 
general Means of knowing preſently all Sorts of Angch 
are, 1, The carefully examining whether they have 
their Vertex at the Center or Periphery. 2. The Com- 
E made of an Angle with the two right ones, which 

eing always known, may be a Help to find that out. 

3. The Compariſon made of an Angle with another 

formed upon a parallel Line, which laſt once known re- 

veals its alternate, or that vertically oppoſite to it, in 
ſhort, its equal. 

128, The Triangle, which is a Space 

The Triangle. comprehended under three Lines united in 

tree Angles, procures new Facilities and 

1nnume- 


p 
1 
] 


Side B C and the Side C D, ä 
pendiculars prolonged towards the ſame Side BD will in- 
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innumerable Methods, of meaſuring any Extent; becanſe 
the known Sides will diſcover the Angles, and the Know- 
ledge of the Angles will let you into that of the Sides 
unknown. 

129. Three Points of a Line B C D taken at random 
as it were; if they do not belong to one and the fame 
right Lines may be united by three Lines and form a Tri- 
angle, Let us call the three Points or the three Angles 
BCD. Fig. 36. 

130. The Side oppoſite to the greateſt Angle is cotn- 
monly called the Baſe or Hypothenuſe, as the Side B D, 
oppoſite to the obtuſe Angle C: However, there is ho 
Side in any triangular Figure, but what may be called 
the Baſe of the Angle which ſtands on or is oppoſite 
to it. 

131, The three Vertices B CD of any imaginable Tri- 
angle, neceſſarily make three Points of a Periphery; and 
as the Value of the three Arches is eaſily known, it 1s 
made Uſe of to find out the Value of the correſponding 
Angles. That three Points becoming the three Vertices 
of a Triangle are all three within the Sweep of a regular 
Periphery, is evident: For (by Propo/. 70.) if you cut the 

Fi. 37, into two, the Per- 


celine one to another, and cut each other. Now, the Point 
E of the Interſection is equally diſtant from B and C, 
ſince it makes Part of the Perpendicular erected on the 
Side BC. But, it is alſo equally diſtant from C and D, 
ſince it is likewife Part of the Perpendicular on C D. 
Therefore, the Point of Interſection E is equally diſtant 
from BCD: It is then the common Center of three Ra- 
di, or of three equal Openings of the Compaſſes B C D. 
But, having three Radu united in a common Center, is 
having the whole Circle. Therefore, the three Vertices 
of any Triangle are at the Circumference of a Circle al- 
ready drawn, or which may be drawn. 

132. The Circle which takes in the three Vertices is 
eaſy to be known, ſince they help us to find both the 
Center and Radius by the foregoing Operation. 

133. Ihe three Angles of a Triangle being at the 
ſame Periphery, ftand upon the three Arches which make 
up the Whole of the Circle; and (from „ 
ä they 
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they have for their Meaſure one Half of theſe three Arches, 
or Half of the whole Circle. Whence it neceſſarily fol. 
lows that ; 

134. The three Angles of any Triangle are equal to 
two right ones, having, as well as two right Angles, the 
whole Semicircle for their Meaſure. 

135. A Triangle can never have more than one right 
Angle: For, ſhould it add ever fo ſmall an acute Angle 
to 1ts ſecond right one, it would exceed the 180 Degree; 
which make it equal to two right ones. 

136. Much leſs will a Triangle admit of more than 
one ovtuſe Angle. 

137. If one of the Angles of a Triangle is a right 

Angle, the Sum of the other two is go. . ſince 
they together are equal to a right Angle (from Prope/. 
134. 

138. If the Triangle be equiangular, or has three An- 

gles equal, each of them is acute; and placed on an Arch 
of 120 Degrees, one half of it, or 60 Degrees, is their 

Meaſure, (Fig. 38.) otherwiſe they would not be equal to 
two right Angles, which have for their Meaſure three 

times G0, 1. e. 180. | Ye 

4 139. If the Triangle has two Sides equal 

The Iſoſceles. (which is called an Iſoſceles Triangle) it has, 

3:5 alſo, two equal Angles ; then if you know 
one Angle, you know the whole; for the two others make 

up the Meaſure 180; and if you know one of the equal, 
| you know the other, and conſequently the third which 
makes up 180; but if it be the unequal, the Surplus as 
far as 180, is divided between the two equal. 

140. If one of the three Angles of the Iſoſceles Tri- 
angle be a right Angle, and the other two equal, they are 
acute, and each of 45 Degrees, double Supplement from 
Go to 180, (Fig. 39.) | 
1341. By producing which Side you pleaſe of a Trian- 

gle, as Fig, 40. oc E, the Angle E, formed by the Side 
produced, is called external, e internal or conjunct, the 
two others internal, o, i, are called oppoſite. 

142. The External E, Fig. 40. is equal to the two Op- 


poſites o, i; for the external E, and the conjunct c, are 


together as good as two right Angles; but (by che 133.) 
the three Angles of a Triangle are equal. to ny 
right 
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right Angles ; therefore the internal c, muſt be of the 
{me Value with the external, as with the two oppoſites, 
and, conſequently, the external is equal to the two op- 
poſite internals. 

143. If all Triangles can be conceived as inſcribed in 
a Circle or terminating by their three Extremes at the 
Circumference of a Circle, it follows, that the three Sides 
of every Triangle are the three Chords of the three 
Arches, which together make the whole Circle circum- 
ſcribed at the three Extremes. 

144. Therefore he that knows the exact Poſition of the 

three Extremes of a Triangle, in their Circle, and one 
Side, knows likewiſe the Value of each Angle, and the 
Length of the three Sides; for he that knows one Side, 
and the Poſition of the three Extremes in ſuch a Circle, 
' Wknows the three Arches oppoſite to the three Angles. To 
know the Arches is knowing the Angles, the Value there- 
of they meaſure in half, ſince thoſe Angles have their Ex- 
tremes at the Circumference. To know the Arches, is 
knowing, likewiſe, the Chords which have the ſame Mea- 
ſure with the Arches : therefore it is knowing, alſo, the 
Length of the Sides, which does not differ from the 
Chords, and is meaſured, in ſmall, by the ſame opening 
of the Compaſſes with the Arches. To know a Side, and 
the Poſition of the three Extremes in the Circle, is, there- 
fore, knowing the whole Triangle. 
145. It even ſuffices to know the Value of one Angle, 
and the Length of the two Sides, to know the other Side, 
and the two Angles remaining; for he that knows one An- 
gle, and the Length of two Sides, knows the Point of 
the Circumference whence the two Sides proceed, and the 
two other Points where thoſe Sides arrive in the Circle ; 
it is, therefore, knowing the three Points defired (by the 
Fig. 131.) it is therefore, knowing the Value of the three 
Arches; but the Arch, oppoſite to the Angle known, 
meaſures the Chord or Side remaining to be known ; and 
the two Sides, the Length of which is known, are the 
Chords and Meaſures of the two Arches, whoſe Halves 
ſerve to fix the Value of the two Angles required. There- 
tore you have the whole Triangle. 

46. Likewiſe one that knows one Side and two Angles 
knows the whole Triangle; that Side known gives you 
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by its Extremes two of the Points deſired; but you don't 
know yet where the third is, nor how many Degrees are 
to be reckon'd in the Arch of which that firſt Side will be 
the Chord; but you will ſoon learn it. The Knowledge 
you have of the two Angles, teaches you how much the 
two other Sides unknown are inclined on the preceding, 
or how many Degrees they contain; you will know, there- 
fore, chat the Degrees remaining, as far as 360, are the 
Value of the Arch, whoſe Chord was already known to 
oe : You will know, likewiſe, immediately, in what 


Point of the Circle, thoſe two new Chords will meet; 


you will have, therefore, the three Points deſired, and 
with them the Knowledge of the three Arches, the three 
Sides, and the three Angles, 

147. It is true, that with the Knowledge of the Angles, 
and, conſequently, of the true Inclination of the Lines, 


you may ſoon find your three Points, in working on Pa- 


per, or in {mall on the Ground; but how will you fix, 


without Miſtake, the juſt Point of Concourſe of two Lines 


on a Ground of 5 or 600 Perches; beſides that, you may 
be obſtructed on the Ground by a Wood, or a River, or 
any other ſuch Obſtacle, fo far as to make it impoſſible to 
gain the Point which reunite the two Lines. The Reme- 
dy, then, is to draw, in ſmall, on the Ground, or Paper, 
a Triangle ; one Side thereof ſhall have as many ſmall 
Parts of your Scale, as the Side known of the greater 
Feet, or Poles, or Perches; then with the Protractor on 
the known Side of the leſſer Triangle, you muſt incline 
the two other Lines according to the Number of Degrees 
of their Arches, which 1s the ſame in ſmall as in great; 
you will know, then, where is the Point of Concourſe, 
the two Lines given it by the Meaſure of their reſpective 
Inclination : Therefore you have, in the leſſer Triangle, 
the three Points neceſſary to know it entirely; and as 
many {mall Parts of your Scale as you find on each Side, 
with remaining Parts or without, ſo many Perches you 
will have, with the remaining Parts or without, on the 
Sides of the greater. 

148. I fay that the common Meaſure 
rang cs which ſhall be taken on a known Side to be 
mn, carried on the other Sides, Will be found 
there, either in ſmall or great, a Number of times, with 
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remaining Parts, or without; becauſe there are Lines 
which cannot be compared by a common Meaſure to be 

there preciſely a number of Times without ſome Sur- 

plus; and, then, that Surplus is not preciſely aſſignable. 

It is a ſurd Number, very near a Quarter, or a Third, 

or other Part, but which always differs, a little from it. 

Such is, for Example, the Baſe of a rectangular Triangle 

compared to either of the Sides of the right Angle ; i 
take in the Line D, which is one of the Sides of the 115 
rectangular Triangle A D, Fig. 41. the ſmalleſt Meaſure li! 
you will, viz, half a Line, which, 1 ſuppoſe, is found 09 
in it twelve Times; carry it on the Hypothenuſe A, | 
it will be found there, not only a greater Number of | 
Times than you can determine, but always with a ſmall 1 
Surplus, and a fractionary Number, which has not, \ 
even, a juſt Preciſion. If you take a ſmaller Meaſure, if 
you will find it ſo many Times in the Baſe A, and al- 18 
ways with a Surplus, but ſo ſmall, that it is ſcarce to be Vf 
minded, there being, then, all the Correctneſs ſufficient 14. 
for human Works. In the Compariſon of thoſe Lines, | 
we approach, ſtill nearer and neater, a common Meaſure, 
which can be numbered ſo many Times in the one, and Fill 
ſo many Times in the other, almoſt without remaining 1 


Parts; but that Surplus is unavoidable, and at the ſame ith 
Time unaſſignable: Hence the Name of Incommenſura- J 
ble given to thoſe Lines. | 9 1} 

149. This, however, does not hinder the Advantage 1 
and Correctneſs of the Scales of Compariſon; for as you WM! | 
will find in the Baſe of a ſmall Triangle, thirty Times, 1 
and very near a Quarter or a Third, the Line, Inch, or. 1 
other Meaſure, which is the common Part taken in your lo 
Scale, you will have likewiſe, thirty Perches, and very 1 


near a Quarter or a Third in the Menſuration in great. | 
150. The Knowledge of Triangles leads to | 

that of Parallelograms, the double of them; P arallelo- . 

for if you multiply the Side of any Angle of 8m. 1 

a Triangle by its other Side, you will form of it a qua- | J | 

crilateral Figure, whoſe oppoſite Sides are parallel, which | || 

is called a Parallelogram, Fig. 42. "nt 
151, The Baſe of the Angle, whoſe Sides The Diagonal. 

you double, is. then called a Diagonal, be- 

cauſe it paſſes from an Angle of the Parallelogram _ 

e 
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the oppoſite Angle, and divides it into its two Triangles, 
and ſhews that it conſiſts of two Triangles equal and ap- 
proximated. 
152, If the Angle whoſe Sides are multi- 
The Square. plied, be a right Angle, and the Sides equal, 
it is a Square which has four right Angles, and four Sides 


parallel and equal, Fig. 43. 


| 153. It one Side of the right Angle be 
The Rectan- multiplied by another ſhorter, the Parallelo- 
gular,orlong gram produced by it, Fig. 44. is a Rectangu- 
s lar, or long Square, which has its four An- 
gles, right Angles, and thoſe of its Sides oppoſite to it, 
equal between them and parallel. 
154. If the Angle whoſe Sides you dou- 

The Rhom- ble, be acute, or obtuſe, and the four Sides 
bus, or Lo- equal, the Parallelogram is a Rhombus, or 
* Lozenge, Fig. 45. which has two oppoſite 
Angles acute, and two obtuſe, all its Sides equal, and the 
Oppoſites parallel. 
__ 15 5. If one Side of the acute or ob- 
* " om tuſe Angle be longer than the other, Fig. 

; xlv. it produces a Rhomboides, which has 
two acute Angles, and two obtuſe, its Sides unequal, but 
the Oppoſites parallel, ö 

156. In many Caſes it is eaſy to know at once, the 
Value of all theſe Parallelograms, by the Facility of re- 
dacing them to the Value of a Square by multiplying one 
of its Sides by itſelf, 

One may be puzzled to find the Meaſure of the Rhom- 
boides B C, Fig. 46, but one may judge of it by reducing 
it to the Value of the Square A B, by the following 
Means. 

157. Parallelograms placed on the ſame Baſe between 
parallel Lines are equal. 

The Square AB, and the Rhomboides B C, Fig. 46, 
are both on the Baſe E, and between the Parallels E F; 
from theſe, let us ſuppoſe, the leſſer Angle B taken off, 
there remain then two Triangles, viz. the Triangle A D, 
and the Triangle D C, perfectly equal, ſince their Angles, 
and their Sides are equal. Of thoſe two equal Triangles 
take off D, which 1s common to both, there will remain 
as much to one as to the other: therefore the 9 

ter 
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teral remaining A and C are equal. Then if you reſtore 
B, to the quadrilateral A, and afterwards conſider B, as 
added to the quadrilateral C, they acquire, by Turns, the 
ſame Value B, and as they were already equal before that 
Acquiſition, they are ſo ſtill after the Addition of a Thing 
equal on either Side; therefore Parallelograms on the 
ſame Baſe, between Parallels, are equal. 

158. Parallelograms placed on an equal Baſe, and of 
an equal Height are cqual; for the Baſe being the ſame, 
it is indifferent whether the Height be taken under a 
Line or above it, provided that Height be the ſame. Let 
the Square A, and the Rhomboides B, Fig. 47. ſerve for 
an Example of this, which I ſuppoſe at the Height D, 
equal to E, the ſame with d the Height of the Square A; 
the Baſe c of the Field A, 1s the — with the Baſe C 
of the Field B, the Height D of the Rhomboides B is 
the fame with the Height d of the Square A; therefore 
Parallelograms on an equal Baſe, and at the ſame Height 
are equal. This ſame Truth, which is of great Impor- 
tance, may become more ſenſible by the Fig. 48. the 
Square A, and the Square B are equal, ſince they have 
all their sides equal; but the Rhomboides C, which 15 ON 
an equal Baſe, and has the ſame Height, is compoſed of 
two Triangles, which are the ſame with thoſe the Square 
B is compoſed of; therefore the Rhomboides C is equal 
to the Square B. The Square A therefore being equal 
to B, is likewiſe equal to the Rhomboides, which has a 
Late and a Height equal to thoſe of the Square. 

159. Triangles on the ſame Bafe, and at an equal 
Height are equal; for what is affirmed of the wholes may 
be affirmed of the halves; but the Triangles are the 
halves of the Parallelograms. 

160. The Square formed on the Hipothenuſe of a right 
Angle, Fig. 49, is equal to the two Squares formed on the 
two other Sides. a | 

To demonſtrate it; from the Vertex B of the right 
Angle ABC draw a Perpendicular B b; the Square formed 
on the Hypothenuſe A C, will be cut by that Perpendi- 
eular into two Rectangles D and E, which together are 
the ſame as the whole Square; but D is equal to the 
Square f, and E is equal to the Square G, both 
my e ee ides of the right Angle multiplied 

ol. V. 1 | 
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by themſelves : That D be equal to f, 1s evident from 
what precedes. The Triangle h A h is equal to the 'T'ri- 
angle 1 A i, ſince they are on equal Baſes, and at equal 
Height, one of them being on the Baſe A a, and the o- 
ther on the Baſe A C, equal to the Baſe A a; and the 
Height of the one A a a being equal to the Height of 
the other A B: but the 'i riangles h A h, is equal to 
half of D, which would be formed by the Diagonal, if 
it was drawn from a into i, ſince the Triangle, which 
would make the half of that Square, would have the 
fame Baſe Aa, and be between the ſame Parallels, A a, 


B b, with h A h; likewiſe half of f, or the Triangle, 


which would be taken by a Diagonal from a a into B, 
would have the ſame Baſe A aa, and be between the 
ſame Parallels, vis. A a a, B b b, B C, with i Ai; 
therefore half of D is equal to half of f; thus D is equal 
to f, and for the ſame Reaſons, E is equal to G; there- 
fore the whole Square, on the Hypothenuſe A C of the 
right Angle, is equal to the two Squares of the Sides. 
Here we are affected with a Surpriſe, which, at firſt 
ſeems not eaſy to be removed; for how is it poſſible that 
Squares formed on the Curve A B C, neceſſarily greater 
than the right Angle A, are together but equivalent to the 
Square formed on AC? To which I anſwer, that the 
Advantage of A C proceeds from the whole Line A C, 
being multiplied by itſelf; and each of its Parts repeated 
as many times as there are Parts in the whole; whereas 
the Line A B C 1s not multiplied but by Parts leſſer than 
the whole, viz. AB by itſelf, and B C by itſelf. Let 
us ſuppoſe A C of ten Inches, but cut into two Pieces, 
one of 7, and the other of 3; multiply 7 by 7, you 
will have 49; multiply 3 by 3, you will have q, in all 
58; whereas if 10, the ſame Number as 7 and 3 toge- 
ther, be multiplied by the whole, then 7 inſtead of be- 
ing multiplied only by 7, ſhall be multiplied by 10, and 
likewiſe; ſo that inſtead of 58, the Product will be 100. 
t 15 quite contrary, (in which conſiſts the Diſadvantage of 
the Curve A B C,) in the Compariſon made between the 
Product of its two Pieces, and the Product of the Total 


AC. Let us ſuppoſe one of thoſe two Pieces, or the 


Side A B, of about eight Inches, and the Side B C of about 
Ax, which is together much more than 10, but _— 
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of multiplying the whole, which is near 14, by the 
whole, you only multiply the two leſſer Sums by them- 
ſelves, wiz. about 8 by 8, which gives near 36; toge- 
ther they will only give you about 100, whereas if 8 and 
6, which are 14 by 14, were multiphed, as you have 
multiplied 7 and 3, or 10 by io, the Product of the to- 
tal Curve A B C, would be 196. 

If in theſe Calculations I am frequently obliged to 
make uſe of the Words about, and wery near, it is becauſe 
the Square of the Hypothenuſe being of ten Inches multi- 
plied by ten, and the Product thereof 100, .it cannot hap- 
pen that the Square of one of the other Sides, be reduced 
to a Root which is a preciſe Sum of ſo many Inches. 
Squares are comparable and commenſurable between 
themſelves, but it is not by a ſmall Meaſure known which 
can be ſo many times in the Hypothenuſe, and ſo many 
times in the Sides, which are uncommenſurable. 

How can we be able then to compare them? We have 


Recourſe for it, to a Scale of Parts as ſmall as the light 


Surplus; that ſurd and unaſſignable Number, wuich di- 
fturbs the exact Compariſon in Number, is, at laſt, con- 
ſidered as nothing. 

To that beginning of a geometrical Chain, we add on- 
ly another Link, which is that of the Radii, Sines, Se- 
cants, and Tangents, the Accounts whereof, being always 
conſtant aud very numerous, become the Foundation of 
the moſt perfect Geometry. | 

161. We call the Complement of an Angle, or of an 
Arch, the Quantity, ſuch as a B A, whereby our Arch, 
as A V, is leſs than a quarter of the Circle B V, 
Fig. 50. 

162. We call Complement to the Semi-circle, or Sup- 
plement, the Quantity A D, whereby an Arch, ſuch as 
AV, is leſs than the Semi-circle VAD. 

163. Arighte Sine SA of an Angle, ſuch sines. 
as ARV, or of an Arch, as AV, is a Per- 
pendicular, carried from an Extremity A of the Arch 
AV, on the Diameter, or Radius, which paſſes througn 
the other Extremity V of the ſame Arch; one can alſo 
lay that the right Sine A 8, is half of the Chord which 
ſupports double of the Arch A V. 


+ 2 164. A 
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164. A verſed Sine is that Part of the Radius, com- 
rized between the Extremity V, of the Arch A V, and 
its right Sine A 8. 

165. A Sign of Complement is the Sine of the Arch 
A B, the Complement to a quarter of the Circle. 

166. The total Sine B R 1s that of a quarter of the 
Circle B V, or of the right Angle B RV, and does not 
differ from the Radius itſelf. The Radius is half of the 
Diameter, and we have proved, that all the Chords 
which do not paſs through the Center are ſhorter than the 
Diameter; therefore the total Sign being half the Dia- 
meter is longer than the other Sines. | 

167, The Tangent of that Arch, or of 
the Angle AB V, is perpendicular to the 
Extremity of the Radius V, and 1s terminated by the 
other Radius R A, produced as far as T. 

168, The Secant 1s that ſecond Radius 
produced RA T, which terminates the Tan- 


Tangent. 


Secant. 


gent T V. 

169. To compare thoſe Lines together, and find one 
by the Knowledge we have of the other; we divide the 
Radius into 1000 Parts or into 100,000 Parts, or more; 
and though thoſe Lines be immeaſurable between them- 
ſelves by means of thoſe {mall Parts, we fix, notwithſtand- 
ing, their Report with an Exactneſs, which approaches 
very near a Preciſion ; and if they have any Imperfection, 
in Handcraft-works, it is ſo very ſmall, that it is not to be 
minded. 

170. The Squares of the right Sine, and of the Sine- 
Complement, taken together are equal, to the Squares of 
cf the Radius: Proof; 

ACRS is a Parallelogram by its Conſtructioen, and 
has four right Angles; it is cut into two "Triangles of 
which the Radius K A is the common Hypothenuſe: 
whence it follows, that the Sine-Complement, and A is 
equal to the other Side parallel RS; but (by 159) the 
Square of the Hypothenuſe B A, is equal to the two Squares 
formed on the two, other Sides of the Rectangle ASR: 
therefore the Square of the Radius A R, is equal to the 
Square of the Sine-Complement C A, and of the right 
Sne AS, it is the fame with the Secant, compared with 
the Semidiameter and the Tangent, —_ 
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I leave you to judge, by theſe few Inſtances, of the 
Conveniency of the Proportion that may be found in 
thoſe Lines, which may be drawn on every Side; they are 
compared between themſelves, in their Triangles, in their 
Squares, and otherwife : The Proportions thereof are hy- 
pothetieal, and actording to the Scales: We ſuppoſe the 
Radius Compoſed of ten Thouſand, a hundred Thouſand, 
ten Million of Parts taken in a Scale. The ſmaller 
thoſe Parts, the nearer the Compariſon of Immeaſurabies 
proaches a Precifion. If the right Sine has ſo many 

arts, there are ſo many fuch Parts in the Sine-Comple- 
ment, ſo many in the verſed Sine, ſo many in the Ra- 
dius, fo many in the Secant, ſo many in the Tangent; and 
feerprocally a ſingle Meaſure taken, leads to a great Num- 
ber of other Meaſares: one can force his Way every 
where; and to facilitate, at once, all thoſe Calculations, 
we make Ufe of Tables already made, where we find 
how many Parts the Sines, Tangents, and Secants, mult 
have in fuch and fech Stfpoſrtons. 


1 A. _ „ 1 3 r 
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T YERE is the Manner of Drawing on Paper, an 

Angle equal to another Angle, which has = ob- 
ſerved on the Ground. Suppoſe that Angle to be of 
zo Degrees, we muit draw on the Paper one indefinite 
Line AB, Fig. 51. make afterwards the Compaſs of an 
Opening equal to the Semidiameter of a ProtraQor, and 
deſcribe from the Point A, as a Center, the indefinite 
Arch CE; take, then, with the Compaſs on the Cir- 
cumference of the Protractor, the Interval found between 
o, and 30 Degrees, and carry that Interval from C into 
D; Draw the Line AB; and the Angle CAD will be 
of zo Degrees, ſince it has been taken on the Protractor, 


of which A C is the Radius, and the Arch CD of 30 


Degrees. 

The Lengths, or Lines, are meaſured on Paper, by 
Means of a Rule, divided (by Propoſ. 112.) into a great 
Number of equal Parts: for that effect the Compils is 
opened betwixt the Extremities of the Line, and that 
opening of the Compaſs, _” to the Length of the Line, 
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is carried on the Scale; by which Means we find, how 
many Parts it contains, 
A Diſtance is meaſured on the Ground, 
To meafure | when it is acceſſible, by its two Extremities 
an accefſible 1 , 
Das by applying to it ſucceſſively a Rope, or ſmall 
Cham, divided into equal Parts, as Feet, 
Roods, or Perches, or other known Meaſures, and thence 
we find, how many of thoſe Parts that Diſtance con- 
tans. 

It the Diſtance be acceſſible but by one of its Extremi- 
ties, it mult be found in this Manner. Let us ſuppoſe 
that you muſt find the Diſtance A B. Fig. 52. which is 
acceſuble only by its Extremity A. Firſt, you muſt place 
the Center of the Graphometer, or Semicircle, at the 
Point A, ſo that the Point o, whence you begin to tell 
the Degrces, be touched by the Alidad, or moveable In- 
dex, Which muſt be directed from A into B, and afterward 
from A, toward ſome other acceſſible Point, as C, whence 
you may view, at the ſame Time, the Points A and B. 
Leave the Graphometer in the Situation you have given 
to it in viewing along the Line A o B, and obſerve of 
how many Degrees is the Angle A between B and C. Se- 
condly, You muſt go in a right Line to the Point C, in 
meaſuring with a Chain, or a Rope, divided into Feet, or 
Perches, the Diſtance A C, and obſerve it; you muſt 
afterwards ſtop the Graphometer, at the Point C, ſo that 
its Center anſwers to that Point, and direct it in ſuch a 
Manner, that the Alidad being at the Point o, whence 
you begin to reckon the Degrees, you may ſee through 
the Sights the Point A, and leaving the Inſtrument 1n 
that Situation, turn the Alidad till you can diſcover through 
the Sights the Point B, and obſerve the Angle ACB, in 
taking always for the Vertex that of the three Letters 
which is in the Middle. Thirdly, After that Operation, 
you muſt make a ſecond on Paper; by taking with the 
Compaſs on a Rule, divided (by Prepo/. 112.) into equal 
Parts, ſo many of thoſe Parts as the Length A C, which 
has been meaſured on the Ground, contains Roads, or 
Perches; and after you have drawn an indefinite Line, 
take from it a C, equal to the Opening of the Compaſs; 
you mult afterward make the Angle a Cb, equal to the 
Angle A CB, by Means of a Protractor; making, in the 


{ame 
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fame Manner, the Angle Cab, equal to the Angle CAB, 
and the Lines a b, C b being drawn, will cut each other 
at the Point B, and the three Lines Ca, a B, C b, form 
a Triangle, which will have Conditions exactly like 
thoſe of the Triangle A C B: thus the Sides of the leſſer 
Triangle will be in the ſame Relation with thoſe of the 
greater: and you will know, that if e AB, be equal to 
AC, likewiſe Ca is equal to a b; that if a c contains 
once a b, and a third of the ſame Line; AC contains, 
alſo, once, the Diſtance AB, and a third of the ſame 
Diſtance. Therefore if the Length of the Side a b, be 
taken with the Compaſs, the Opening being earried on the 
Rule of equal Parts, the Number of thoſe Parts it ſhall 
contain, will ſhew the Number of Roods, or Perches, con- 
| tained in the Diſtance AB. | 

Let us ſuppoſe we have found that the acceſſible Di- 
ſtance A C, contains 100 Roods, the Side A will contain 
100 equal Parts of the Rule : Suppoſe, likewiſe, that after 
the Triangle a C b has been formed on Paper, according 
to the Method preſcribed, we find, that the Side b a contains 
75 equal Parts of the Rule; we know immediately, that 
the Diſtance A B contains 75 Roods, or Perches, becauſe 
the Sides of the greater Tangle cut each other in the 
ſame Conditions as thoſe of the leſſer; that, therefore, 
ſince the Side a C of 100 Parts contains the Side a b of 
75, once and a third; likewiſe the Side AC, of 100 
Roods, or Perches, contains the Side A B, once, and a 
third: then the Diſtance A B is of 7; Roods or Perches, 

We muſt be exact in making the Angles on Paper pre- 
ciſely of the ' ſame Bigneſs with thoſe which have been 
formed on the *. otherwiſe the Operation would be 
of no Uſe towards finding the true Diſtance A B: if the 
Angle a C b was greater than the Angle ACB, the Side 
ab would be greater; we ſhould judge, then, that the 
Diſtance A B would be greater than it is in reality; the 
contrary would happen if the Angle a C b was made leſſer 
than the Angle A C B. 

If we will determine on the Ground itſelf the Diſtance 
AB, Fig. 53, after having formed the Triangle A C B, 
Care is to be taken that we extend ourſelves towards the 
Oppoſite Side, and produce A C as far as into a, ſo that 
a C be equalto AC; and make on the Ground the Angles 
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e Cb, Cab, equal to the Angles ACB, CAB, in view- 
ing through the Sights at the ſame Point b: with the 
Help ef the Graphometer, kept ſucceſſively in C and a, 
meaſure atterwaras the Diſtance a b, which will be equal 
to the Diſtance A B; ſince the Triangles A BC, a b C, 
ue equal in all, To have the Point b, where the viſual 
Ray mult terminate, a Signal muſt run along B C b, till 
it be perceived through the Sights of the Alidad, when it 
makes with a C, the Angle Cab, equal to the Angle 
C AB. 

It the Diſtance A B, Fig. 54, is inacceſſible by its two 
Extremities, it may, alſo, be known by drawing a Figure 
on the Ground, and afterwards in ſmall on Paper. Be the 
Diſtance A B inacceſſible by its two Extremities A B, 
which we want to know, we muſt chuſe a Ground on 
which we can .meaſure with Eaſe, the Diſtance C D 
acceſſible by its two Extremities C D, at each of which 
one may diſcover, at the ſame Time, the Points A and 
B. When we are at the Point C, we muſt take the Grapho- 
meter, and meaſure three Angles, in viewing through the 
Sights th: Angle A CB, which is between the viſual Rays 
AC, CB, which ends at the Extremities of the Diſtance 
AB; the angle ACD, which is betwixt the viſual Ray A ©, 
and the Diſtance C D, which we propoſe to meaſure with 
tlie Chain or Rope; and the Angle B C D, which is be- 
twixt the viſual Ray C B, and the Diſtance C D. That 
Operation done, we muſt go directly to the Point D, in 
meaiuring the Diſtance C D, and obſerve it when we are ar- 
ri ved at the Point D: There we muſt erect the Graphometer, 
or Senicircle, and take two Angles, wiz. the Angle ADC, 
which is betwaxt the viſual Ray R D, and the Diſtance 
CD; and the Angle B C D, which is betwixt the viſual 
Ray BD, and the ſame Diſtance CD: We may end the 
Operation on the Ground, or transfer the Figure AC DB 
oa Paper. Firſt, If the Operation be ended an the Ground, 
it muſt be repeated; but to avoid a too great Length, 
when the ſirſt Station is made in C, we mult take towards 
the Sides, oppoſite to the Diſtance CD, the ſame Angles, 
7. e. the Angle a CD, equal to the Angle AC D, a Ch 
equal to the Angle ACB, and the Angle b C D equal 
to the Angle BCD. Going aiterwards to the Point P, 
we mult meature the Length C D, and at the ſecond Sta- 

tion 
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tion in C, make the Angles C D a, and CD b be equal 
to the Angles C DA, C DB. But to have the Point a, 
where the viſual Rays Ca, Da terminate, we ſhall be | 
obliged to make a Signal run on C a, till it be perceived | 
through the Sights, the Alidad making with C D the Angle | 


CD a, equal to the Angle CDA: We muſt likewiſe 
make to run on C b, a Signal till it be perceived through 
the Sights of the Alidad, a 4e it makes with C D the Angle 
CDb equal to CDB: Meaſuring afterwards the Di- | 
ſtance a b, which is equal to the inacceſſible Diſtance AB, 1 
ſince the two Figures A C DB, a CD b are equal in all 19 
their Parts. 

To transfer the Figure A C D B, in ſmall, 
on Paper, Fig. 54, and LIV. and determine, To transfer, 
by Means ot Angles taken on the Ground, - ſmall, on 
and a Scale of equal Parts, the inacceſſible 31 — 8 5 
Diſtance A D. 1. An indefinite Line muſt piece of 
be drauyn, taking with the Compaſs on the Ground, 

Scale, as many Parts as the Baſe C A con- 

tains Roods, or Perches, and carry that Opening from c 
into d: Suppoſe that C A, on the Ground, contains 100 
Perches, c d on Paper, will contain 100 equal Parts. We 
muſt make afterwards, the Angle a cd equal to the Angle 
ACD, which has been taken on the Ground; and the 
Angle bc d, will be found thereby, equal to the Angle 
B CA, which has heen taken on the Ground: We muſt 
make, alſo the Angle c deb equal to the Angle C A B. 
And the Angle a d c to the Angle AD C, which has been 
taken on the Ground; the Interſections of the Lines a c, 
ad, bc, bd; will determine the Length of the Line a b, 
which being carried on the Scale # equal Parts, wall 
ſhew the Number of Fathoms contained in the inacceſſible 
Diſtance AB; for that Diſtance will contain as many Fa- 
thoms as the Line a b contains equal Parts; becauſe, in 
the Figures ABDC, abdc, the Lines cut each other 
in the like Circumſtances, differing only in Bigneſs be- 
twixt themſelves, but not in Number. 

In the ſame Manner may be ſhewn the Height of a Co- 
lumn, a Pyramid, of a Tower, of a Mountain, of a Tree, 
Sc. when one can't approach the Foot of it. It ſuf- 
tices for that Operation, to take the Angles ADC, ACB, 
or A CD, and meaſure with the Chain, or Rope, the 
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Length C D, drawing an indefinite Line on Paper, on 
which ſhall be taken ſo many equal Parts, as the Line C 
D contains Fathoms, or Feet, making the Angles a d c, 
a c d, equal to the Angles ADC, A CD, and the Lines 
ac, a d, being ſufficiently lengthened, will cut each o- 
ther at the Point a, from which drawing, on d b, the 
Perpendicular a b, will be found, by Means of that Line, 
the Height AB; for if the Line a b, be carri:d on the 
Scale of equal Parts, it will be known that A B contains 
as many Fathoms or Feet, as a b contains equal Parts. By 
carrying on the ſame Scale the Lines a c, a d, we ſhall 
find, likewiſe, the Length in Fathoms, or in Feet, of the 
Diſtances AC, A D. 

The Height A B, could alſo be determined on the 
Ground, by raiſing a Triangle equal to the Triangle A 
CD; and by drawing from the Vertex, a Perpendicular 
B D, it would be equal to A B. 

In theſe Operations, the Angles either roo acute, or 
too obtuſe, muſt be avoided; for as, in raiſing theſe 
Angles, one cannot help falling into ſome Error, by 
making them either greater or ſmaller than thoſe which 
have been obſerved, and, beſides, in taking the Angles 
on the Ground, Faults are alſo committed; it is proper 
to obſerve, that thoſe which give the Angles too acute, or 
too obtuſe, are greater than the Errors committed in 
taking the Angles which deviate much from thoſe two 
Extremities. 

| In the ſame Manner might be taken the 

To Meaſure a Diſtance of a heavenly Body from the Earth, 
heavenly Bo- if an acceflible Diſtance great enough could 
ay, Fx. 57. be meaſured on the Ground, but the whole 
Diameter of the Earth is too ſmall when compared with 
thoſe inacceſſible Diſtances. One muſt then, to determine 
them, employ the whole Diameter of the Earth, or very 
near the whole Diameter, and obſerve with all the Care 
poſſible, the Angles which the Diameter of the Earth, or 
a Line drawn from a Point of its Surface, as diſtant 
as poſible. from the firſt, would make with the viſual 

Rays, carried from thoſe Points to the heavenly Body: 
But as ſuch a Thing is not practicable, as well on Ac- 
count of the Difficulty of meaſuring on the Earth a ſuf- 
ficient Length, as becauſe the heavenly Body changes con- 
| * tinually 
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tinually its Situation with regard to thoſe Points, that Me- 
thod cannot make us diſcover the Diſtance of a heavenly 
Body from the Earth. Aſtronomers, therefore, have Re- 
courſe to other Methods: 'The Diameter, or Semidiame- 
ter of the Earth, muſt notwithſtanding enter into it: That, 
which we are going to give an Idea of, is proper to make 
one conceive, without long Reaſonings, what Method one 
may take to determine the Diſtances of the heavenly Bo- 
dies from the Earth. | 

It is well known, that the Planets (which are the-only 
heavenly Bodies we meaſure here, the fixed Stars being at 
ſo great a Diſtance, that it has not been poſſible, yet, to 
know, or even gueſs at their true Diſtance from the Earth) 
it is well known, I ſay, that the Planets deſcribe, in their 
periodical Revolutions, Cireles which cut the Equator, and 
therefore make half that Revolution in the northern Part 
of the World, and the other half in the Southern. There- 
fore in each Revolution a Planet is found twice in the 
Circle of the Equator: Aſtronomers know, beſides, by the 
Duration of thoſe Revolutions, and obſerving by the In- 
terval the diurnal Motions of theſe Planets, the Moment 
they are in the Equator, or at the Point where their Or- 
bits cut that Circle. Suppoſe, then, that an Aſtronomer 
knows the Moment when the Moon is at the Equator; he 
will be able to know, what is its Dift.nce from the 
Earth. The ſmaller Circle 'T repreſents the Earth; A is 
the Center, B the Point of the Obſerver; C the Moon 
at the Moment ſhe 1s at the Equator; D the Point, or 
Line, carried from the Center of the Earth to the Moon, 
cuts the Surface of the Earth; O H the ſenfible Horizon ; 
the great Circle repreſents the Firmament, or Place of 
the fixed Stars. Since the Point C 1s a Point of the Equa- 
tor, he that makes the Obſervation and placed in the 
Center A, directs his Sight along one Ray of the Equa- 
tor, the Earth being ſuppoſed tranſparent like the Air, 
would ſee the Moon at the Equator in C: therefore A C is. 
a Ray of the Equator, and D one of the Points where that 
Circle cuts the Surface of the Earth: But we know the: 
Diſtance from the two Points of the Surface of the. Earth, 
to the terreſtrial Equator, or, at leaſt, we may know ſuch: 
Diſtance as often as we will, by obſerving the Altitude of 


the Pole, with regard to * Place where the Obſervation. 
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is made; for a Perſon under the Equator, has the two 
Poles in the Horizon; therefore as much as he goes from 
the Equator towards the Pole, ſo muck the Horizon de- 
clines under that Pole; therefore the Altitude of that 
Pole is like the Latitude, or Diſtance of a Place with re- 
gafd to the Equator; therefore we know the Arch B D, 
the Diſtance of the Obſerver, with regard to the terre- 
ſtrial Equator, and we know, conſequently, the Angle 
D AB, which 1s meaſured by that Arch. Beſides, he 
that makes the Obſervation in B, meaſures the Angle 
OBC, which the viſual Ray B C, makes with the Ho- 
rizon O H, at that very Moment the Moon enters the Equa- 
tor; then the Obſerverin B, knows the Angle O BC, and 
the Angle BA D, or BAC, which is the ſame. Beſides, 
by the Propenſity of the heavenly Bodies towards the Center 
A of the Earth, according to Directions perpendicular to 
the Surface of the Earth, or perpendicular to the Horizon 
OH, the Angle ABo is a right Angle, becauſe BA, 
which repreſents one of thoſe Directions, is perpendicular 
to O H: therefore if to the Angle ABC, be added the 
Angle O B C, the total Angle ABC, which is compoſed 
of two Angles known, will alſo be known: therefore in 
the Triangle ABC, we know the two Angles A and B. 
Moreover, the Semidiameter of the Earth is known: 
therefore if you draw on Paper a Line, A B, which re- 
preſents that Semidiameter, and make with all the Care 
poſſible the Angle obſerved A and B, the Lines AC, B C, 
in cutting each other at the Point, will determine into 
Diameters of the Earth, the Diſtances of the Moon at the 
Point A, and the Center A of the Earth, The greater 
the Line A B is, whichrepreſents the Diameter of the Earth, 
the more exact the Operation will be. But becauſe the Angle 
AC is very acute, we mult not expect to be capable to 
determine exactly thoſe Diſtances by a mechanical Opera- 
tion in'tracing a Triangle. 
The Parallax The Angle A CB, is called by Aſtrono- 
8 mers, Parallax, 2. e. Difference of Aſpect; 
becauſe an Obſcrvator placed at the Center of the Earth, 
would ſee the Moon in a Place of the Heavens, different 
from that where the Obſervator placed in B, fees it: for 
the Obſervator in B, ſees the Moon in b among the Stars, 
and the Obſervator in A would ſee it in a. Aſtronomers, 
to 
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6 determine the Diſtance of a heavenly Body from the 
Earth, ſearch, Firſt, its Parallex, which being known, it 
is eaſy to find its Diſtance from the Earth: for in the 
Triangle A B C, is known the Angle of the Parallex A 
C B, and the Angle ABC; becauſe the Angle C B A 
being known by Obſervation, it is eaſy to know the Angle 
ABC: the Semidiameter of the Earth is alſo known: 
therefore the Diſtance B C, may be known by applying 
to it the Semidiameter of the Earth ſo many Times as 
the Line of that Diſtance can receive it. The Angle A 
C B of the Parallax, varies in ſeveral Manners, according 
to the Place and Time of the Obſervation, and according 
as the heavenly Body is more or lets diſtant from the Earth: 
if the heavenly Body be fo far diſtant, that the Semidia- 
meter A B of the Earth becomes 1mperceivable to the 
Sight, the Angle A C B 1s null or void, and then we fay 
that the heavenly Body has no Parallax, Few of the hea- 
venly Bodies have any ſenſible Parallax, except the Moon: 
It is ſometimes above one Degree witen taken, the Moon 
being at the Horiz:n; but the Parallaxes of the other 
Planets are ſcarce a few Seconds: Jupiter and Saturn are 
ſo far diſtant from the Earth, that they have no Paral- 
lax, If we could draw exactly the Triangle AC P, we 
ſhould find by carrying on a Scale of equal Parts, as we 
find by Calculation, that the leſſer Diſtance B C of the 
Moon from the Earth, is of about 55 Diameters of the 
Earth, which make about g9,coo-ſma.l Leagues. 

To Meaſure a Piece of Ground with a 
Toiſe, or Fathom, one muſt make uſe of a i, a Toi, 
ſquare Toiſe, or ſquare Foot, the ſquare or Futhom, a 
Foot is a Square whoſe four Sides are a Foot Fiete of 
or twelve Inches long. Ar Fig. 

(Fig. 59) A ſquare Toiſe is a Square, 5*' 

the four Sides whereof are a Fathom, or fix Feet long, 
containing 36 ſquare Feet ; for if the Height be divided 
into fix. equal Parts, it will contain one Foot; and if by 
the Points of Diviſions we imagine the Lines parallel to 
the Baſe, the ſquare Toiſe will be divided into fix Faces ; 
therefore the ſix Faces will contain fix Times fix ſquare 
Feet, or thirty-fix ſquare Feet, 

It is evident, that to have the Number of ſquare Feet 
contained in the ſquare 'Foife, the Number of Feet con- 


tained 


tz DIAL OG UE II. 


tained inthe ſquare Toiſe, the Number of Feet contained on 
its Side mult be multiplied by itſelf, . e. 6 by 6, and the Pro- 
duct 36, is the Number of Feet contained in the ſquare Toiſe. 

It we have a Square whoſe Side would contain more or 
leſs than 6 Feet, it would be lefler, or greater, than the 


ſquare Toiſe. But to have the Number of ſquare Feet 


contained in their Square, we ſhould be obliged to multi- 
fly the Number of Feet, contained on its Side, by itſelf, 
Suppole (Fig. Go. ) the Side of that Square contains 4 Feet; 
the Square will contain 16 ſquare Feet: but 16 is the Pro- 
duct of 4 multiplied by itſelt. If the Square has for its Side 
a Line which contains Fathoms, that Side muſt be, alſo, 
multiplied by itſelf, and the Product is the Number of 
ſquare Fathoms contained in that Square. Suppoſe the 
Side of that Square contains 8 Fathoms, the Square will 
contain 64 ſquare Fathoms, becauſe 64 is the Product of 
8 multiplied by 8. 


If the Square has a Side which contains Fathoms and 


Feet, the Side muit be multiplied, again, by itſelf, and 
the Product is the Number of ſquare Fathoms and ſquare 
Feet contained in the Square propoſed. Suppoſe (Fig. 51.) 
the Side of the Square contains four Fathoins, two Feet, 
or a third of the Fathom; it is evident, that the total 
Square contains; Firſt, The Square a be d, which has 16 
ſquare Fathoms of Surface; Secondly, TWO Rectangles 
a il b, and a de f, which have four Fathoms in Length, 
and two Feet in Breadth; "Thirdly, The ſmall Square a f 
g i, whoſe Side has two Feet in Length; but, Eirſt, To 
have the Square a be d, the Side d c of tour Fathoms, 
muſt be multiplied by itſelf, and the Product 16, is the 
Number of {quare Fathoms that Square contains. Second- 
ly, To have one of the two equal Rectangles a i l b, four 
Fathoms in Length, which are equal to 24 Feet, 'muſt be 
alſo multiplied by two Feet, and the Product 48 is the 
Number of ſquare Feet contained in one of the two ReRt- 
angles a il b, or a def. Thirdly, To have the ſmall 
Square a f g 1, the Side f g of two Feet, muſt be multi- 
plied by Ws and the Product 4, is the Number of ſquare 
Feet contained in that Square; therefore the whole Square 
contains, Firſt, The Square of four Fathoms; . e, 16 
ſquare Fathoms ; Secondly, Twice the Product of 4 Fa- 
thoms, or of 24 Feet multiplied by 2 Feet, which gives 48; 

moreover, 
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mareover, 48 Feet on the other Part; together 96 ſquare 
Feet; Secondly, The Square of two Feet, which contains 


ſquare Feet: therefore the total Square contains in alt. 


16 {quare Fathoms, beſides 100 „r- Feet, which are 
equal to two ſquare Fathoms; and, alſo 28 ſquare Feet. 
When, therefore, a Square is to be meaſured, whoſe. Side 
contains Fathoms and Feet ; Furſt, the Fathoms are to be 
multiplied by themſelves ; thoſe Fathoms muſt be reduced 
into Feet, and that Number of Feet multiplied by the 
Feet contained in the Side, and the Product doubled. 
Thirdly, The Number of Feet contained in the Side, muſt 
be multiplied by itſelf, and that Product added to the pre- 
ceding. Fourthly, The ſquare Feet are to be reduced in- 
to ſquare Fathoms, by ſearching how many Times 36 
Feet, which is a ſquare Toiſe, are contained in the Num- 
ber of Feet found, adding thoſe ſquare Toiſes to the pre- 
ceding. 

It . Rectangle is to be meaſured, the two Sides muſt be 
multiplied one by the other, and the Product is the Num- 
ber of ſquare Fathoms, or ſquare Feet, contained in the 
Rectangle. If one Side has three Fathoms, and the other 
two, the three muſt be multiplied by two, and the Product 
6, is the Number of ſquare Fathoms contained in the Rect- 
angle. If one of the Sides has four Fathoms, and the 
other three, four muſt be meaſured by three, and the Pro- 
duct 12 is the Number of ſquare Fathoms contained in 
the Rectangle. If one of the Sides contains Fathoms and 
Feet; for Example, if one of the Sides (Fig. 62.) is of 
four Fathoms, and the other of three Fathoms two Feet, 
we muſt, firſt, multiply three Fathoms by four Fathoms, 
afterwards two Feet by four Fathoms, or 24 Feet, and we 
ſhall have for a Product 12 ſquare Toiſes, beſides 48 ſquare 
Feet, which are equal to a ſquare Toiſe, and 12 ſquare 
Feet. Therefore the Content of the Rectangle is 13 ſquare 
Toiſes, and 12 ſquare Feet. For it is viſible, that the to- 
tal Rectangle is compoſed of two Rectangles, one of which 
contains 12 ſquare Toiſes, and the other four Toiſes in 
Length, or 24 Feet, or two Feet in Breadth ; and there- 
fore, that Rectangle contains 48 ſquare Feet: conſequent- 
ly the whole Rectangle contains 13 ſquare Toiſes, and 12 
ſquare Feet, - 

(Fig, 
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(Fig. 63.) If the two Sides of the Rectangle contain 
Feet; for Example, I! the Side a b contains three Fathoms 
three Feet, and the Side a c four Fathoms four Feet, the 
total Rectangle will contain four 1 the Rec. 
angle a e of twelve ſquare Fathoms, the Rectangle b e of 
four Fathoms in Length, or three Feet in Breadth, the 
Rectangle c e of three Fathoms in Length, or four Feet in 
Breadth, and the Rectangle de of four Feet in Length, 
or three Feet in Breadth. But to have the firſt Rectangle, 
one muſt multiply three Fathoms by four, and the Product 
12 is the Number of ſquare Fathoms contained in the Rect- 
angle a e: to have the Rectangle e b, four Fathoms, or 24 
Feet, muſt be multiplied by 3, and the Product 72 ſquare 
Feet, or two ſquare Fathoms, is the Content of the Red- 
angle e b: to have the Rectangle e c, three Fathoms, or 
18 Feet, muſt be multiplied by four Feet in Breadth, and 
the Product 72 iquare Feet, or two ſquare Fathoms, is the 
Content of the Rectangle ec: to have the Rectangle d e, 
four Feet muſt be multiplied by 3; and the Froduce 12, is 
the Number of ſquare Feet contained in that Rectangle: 
therefore the total Rectangle contains 16 ſquare Fathoms, 
and 12 ſquare Feet. When, then, you want to meaſure 
a Rectangle, whoſe Sides contain Fethoms and Feet, you 
muſt, Firſt, multiply the Fathoms by the Fathoms; Se- 
condly, Reduce the Fathoms of one of the Sides into Feet, 
and multiply them by the Feet of the other Side: in that 
Example the Fathoms of the Side b d, muſt be reduced 
into Feet, and their Number multiplied by 3, which 1s 
the Number of Feet of the Side =” reducing likewiſe 
the Fathoms of the Side a b, or e d into Feet, and multi- 
plying their Number by 4, which is the Number of Feet 
of the Side b d, or ac; multiplying, alſo, the Feet of 
one Side, by the Feet of the other, and making up a Sum 
of Three Products, which will be equal to ſquare Feet, and 
which being reduced into ſquare Fathoms, the total Rect- 
angle a d, will be had in ſquare Fathoms, and the Surplus 
- ſquare Feet, which will not be equal to a ſquare Fa- 
thom. : 
To meaſure a Parallelogram as a c bd, a 
— meafare a Perpendicular mult be drawn, between the 
arallelo- . 
gram, Fig, 64. two parallel Sides a d, e b, and the Baſead 


multiphed by the Height c d, or af, Sup- 
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poſe the Baſe a d contains four Fathoms, and the Height 
ed three; the Product 12, is the Number of ſquare Fa- 
thoms which the Area, or Surface of the Parallelogram 
contains. For if, in lieu of the Parallelogram a e b d, 
we were to meaſure the Rectangle a fe d, the Content of 
that Rectangle would be 12 ſquare Fathoms: but the Pa- 
rallelogram is equal to the Rectangle; for in making the 
Parallelogram, we retrench from the Rectangle the Tri- 
angle a e f, and, at the ſame Time, add to the Remnant 
another Triangle bc d, equal to the preceding: therefore 
we muſt operate the known Parallelogram, for the Reck- 
angle, and multiply the Baſe by the Height, or Perpendi- 
cular, of that Baſe : if he Baſe and the Height of the Pa- 
rallelogram had Fathoms and Feet, the Operation ſhould 
be made, likewiſe, on thoſe two Lines, as for a Re&- 
angle. h 

To meaſure a Triangle, we muſt, as in * p 
the Parallelogram, draw a Perpenc:c:lar Triangle a 
from the Vertex down on the Baſe, tnen mul- Fig. 6 3. 
tiply that Baie by the Altitude, an take ualf 
of the Product: For if we have to meaſure the Parallelo- 
gram a d be, we ſhould multiply the Baſe a d by the 
Height; but the Triangle is bat half the Parallelogram 
a b; therefore to have its Meature, we muſt only take 
half the Product. 

To meaſure a Circle, one muſt conceive, 
that the Circumference is divided into a very * 3 
great Number of equal Parts, and that each 


of them is the Baſe of a Triangle, which has its Vertex at 


the Center; the ſmall Arch intercepted, does not differ 
ſenſibly from a right Line; the Circle will be therefore 
reduced into Triangles: but the Meafure of a Triangle 1s 
to be found by multiplying the Baſe by the Height, and 
taking half the Product: therefore the Sum of all thoſe 
Triangles, or the Surface of the Circle, will be had in 
multiplying the Sum of the Bafes, i. e. the Circumference 
of the Circle. by the common Height of all the Triangles, 
which is the Radius, and taking half that Product. To. 
have the Circamference of the Circle, we malt take three 


times the Diameter, and its ſeventh Part: ſuppofing the 


Diameter be of 21 Feet, the Circumference will be equal 
to three times 21 Feet, beſides three Feet which make the 


, {cventh 
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ſeventh Part of 21: thus the Circumference will be of 66 
Feet. Inſtead of multiplying that Circumference by the 
Radius, which is half of 21, you multiply it by the whole 
Diameter, a Quarter thereof will be the Content of the 
Circle. The Product of 66 by 21 is 1386; a Quarter of 
that Product is 346 Z ſquare Feet, the Content of the Circle 
which has 21 Feet Diameter. 
1 All Figures which are to be meaſured on 
— ure an the Ground, have a Relation to ſome of the 
Ground, preceding ones. Moſt commonly, thoſe Fi- 
Fig. 68. gures are irregular, and terminated by more 
than three or tour Sides. Let the Figure 
a be d e f g, be that which we wt to meaſure : it muſt 
be divided into Triangles, by drawing from one of the 
Angles ; for Example, from the Angle a, Lines to the 
other Angles, ſuch as a c, ad, ae, af; thoſe Lines are 
drawn on the Ground, either by Means of Ropes, or by 
turrowing, or fixing Poles at * Diſtance from each 
other; by which Means the Figure will be divided into 
Triangles, ſuch as bac, c a d, dad, dae, e af, fag. 
The Lines which divide the Figure muſt be conſidered as 
the Baſes which divide thoſe Triangles, and Perpendicu- 
lars drawn from the Vertices of thoſe "Triangles to thoſe 
Baſes, ſuch as ba, c i, cu, e o, g p; when the Perpen- 
diculars cannot reach thoſe Baſes, as a f in this Figure, 
they muſt be produced, till they can reach them; thus af 
muſt be produced as far as into P and o, where they meet 
the Perpendicular g p, e o; ſo that one ſame Line may 
ſerve as a Bale to two Triangles, to ſhorten the Operation: 
thus a d ſerves for a Baſe to the Triangles c a d, dae; 
and a f is, alſo, common to the Triangles a e f, f a g. 
To draw the Perpendiculars, one muſt go with a Square 
along the Baſes, and applying one of the Branches on the 
Line along which one walks, view along the other Branch, 
and go forward or backward, till the vitual Ray be termi- 
—_ at the Vertex of the Triangle, as is ſeen in e i. We 
muſt, after wards, drawn from the Point c, to the Point 1, 
the Line c i, and operate in the ſame Manner for the other 
Perpendiculars. And laſtly, all the Baſes and Perpendicu- 
lars are to be meaſured, taking Care to mark the Number 
of Meaſures which each of them contain, multiplying, af- 
terwards, the Baſe of each Triangle by its Perpendicular, 
| adding 
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adding only the Product, and taking half of the Sum; 
which will be the Content of the Figure: for it has been 
proved, that each Triangle is half of a Rectangle, or Pa- 
rallelogram, of the ſame Baſe and Height; but in multi- 
plying the Baſe of each Triangle by its Height, we have 
the Content of a Rectangle of the ſame Baſe and Height 
with the Triangle : therefore, to have the Content ot a 
Triangle, we are only to take half the Product; and to 
have the Sum of all the Triangles, or the Content of the 
Figure, we muſt take half the Sum of all the Products. 
Suppoſing the Baſe a c contains 11 Fathoms one Foot 6 
Inches, or 6 Feet 6 Inches, and the Height b 3 Fathoms 
2 Feet, or 20 Feet; I multiply thoſe two Lengths one by 
the other, firſt, the Feet by the Feet, and I have for the 
firit Product 1340 ſquare Feet. I multiply, afterwards, 
20 Feet by 6 Inches: according to the Rule, the 20 Feet 
ſhould be reduced into Inches, and muitiplied afterwards 
by 6, which would give ſquare Inches, to be reduced af- 
terwards into ſquare Feet: but to avoid being tedious in 
the Operation, I conſider that 6 Inches are half a Foot: 
therefore in multiplying 20 by Z, I muſt have 20 ſquare 
half Feet, or 10 ſquare Feet: thus tlie Product of the firſt 
Baſe by its Perpendicular gives 1 350 ſquare Feet. I mul- 
tiply in the ſame Manner the ſecond Bae, ſuppoſed of 12 
Fathoms two Feet four Inches, or of 74 Feet four Inches, 
by the Perpendicular of 31 Feet. I operate, firſt, on the 
Feet in multiplying 74 by 31, and have tor firſt Product 
2294 ſquare Feet. I multiply afterwards 31 Feet by four 
Inches; but four Inches are a third of the Foot; I take, 
then, the third of 31, and I have 103 ſquare Feet: there- 
fore the Product of the ſecond Baſe, by its Perpendicular, 
gives 2304 + ſquare Feet. I multiply the ſame Baſe by 
the Perpendicular e, w, of 14 Feet, firtt the Feet by the 
Feet, and I have for firſt Product 1036 ſquare Feet. I 
multiply ikewiſe 14 Feet by 4 Inches in taking the third 
of 14, and I have for ſecond Product 4 2 ſquare Feet; 
thus the Product of the ſame Baſe a d, by the Perpendi- 
cular e, w, of 14 Feet, gives 1040 4 ſquare Feet; I mul- 
tiply the Baſe a f of 33 Feet, by the Perpendicular e o of 
18 Feet, and I have for Product 594 ſquare Feet. Laſtly, 
I multiply the fame Baſe by the Perpendicular g p of 22 
l'cet, and the Product gives 726 ſquare Feet, I 
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Multiplications being done, I gather the particular Pro- 
ducts into a Sum, which is of 6015 ſquare Feet: I take 
half of that Sum, and the Content of the Piece of Ground 
abe def g, is of zoo? ſquare 

Feet 3. To reduce thoſe ſquare 1350 

Feet into ſquare Fathoms, I di- 2304 + 

vide them by 36, the Number 1040 Z 

of ſquare Feet contained in the 594 

ſquare Toiſe, and the Quotient 726 

83 is the Number of ſquare — 
Toiſes contained in the Ground 6015 ſquare Feet 
propoſed : there remains 19 K 
ſquare Feet, which cannot be 3007 + ſquare Feet 
reduced, and make a little 


— ᷓ—6 


more than half a ſquare 83 To. cont. 19 4 Fa, 
Toile, 

| : If we operate by Way of Reduction, the 
2 Re. Oorrectnels of all Reductions, and the Cer- 


tainty of having in great what has been done 
in ſmall, are funded on a Rule of an infinite Extent, that 
the ccrræſponding Sides of ſemblable Figures are proportional, 
and that as many as there are of leſſer Parts in one of the 
Sides of a ſmall Triangle, ſo many greater there are in 
the correſponding Side of a great Triangle, ſemblable to 
It. There is a perpetual Conſequence of Equality of the 
three Angles to an entire Proportion in the correſponding 
Sides; fince the equal Angles being impoſed on equal Ar- 
ches in reſpective Circles, the Chords, which are the Sides 
of thoſe Triangles, cannot fail being between themſelves 
in the ſame Proportion of Figure to | igure; thoſe Chords 
correſpond to cach other as faithfully as their reſpective 
Arches, which exhauſt on either Side the whole Circle. 
Thus Man, aſſiſted by ſome Rules of Reaſoning and Ex- 
perience, is contented with having on the Ground the Mea- 
{ure of a Line, and the Inclination of two others on that 
Line. Herepeats, with Facility, the ſame Operation on 
the neighbouring Ground. He gives a Name to the dif- 
ſerent Vertices which terminate his different Angles. One 
is a Hill, the other a Chapel, the other a Steeple, or a 
Caſile. Thoſe Points and ſirſt Meaſures marked, or coarſely 


drawn, either on a Slate, or a Sheet of Paper, he returns 


Home, and without troubling himſelf about the Rivers or 
| Marſhes, 
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Marſhes, Rocks, or impenetrable Thickets, which ſepa- 
rate his Steeple from the Mill, and the Caſtle from the 
Chapel, he gives the Correctneſs neceſſary to his Figure, 
and, in the Franquility of his Retreat, Judges commodi- 
ouſly, by a known Line, of the Value of the other. The 
Obſtacles, which obſtruct the March of a Traveller, do not 
ſtop a Geometer. He ſeems to have Wings to carry him 
above Places thought inacceffible ; and, as if he had taken 
dis Dimenſions from the upper Regions, he knows and aſ- 
ſigns the Diſtances better than the Inhabitants of the 
Country could : he takes the Map of it, joins it to another, 
and brings into a ſmall Compaſs Provinces and Kingdoms. 


He draws correctly the true Repreſentation of the Globe 
he inhabits. 


— — _ * 0 — — EE 


Of Gnamonic, or Dialling. 


AN has not confined himſelf to take only the juſt 
Meaſures of his own Habhitation, and of his own 
Works: He is not contented with exerciſing a kind of 
Magic, by expoſing to View with Preciſion or Correctneſs, 
often without going out of his own Houſe, the Extent of 
Places inacceſſihle to him, and even the Diſtance of the 
heavenly Bodies. He has fqund Means to ſubje& to his 
Knowledge, and even to his Operations, Thiags on which 
he has no Power, ſuch as Light, Shadow, and Fime. He 
has ſpied the Courſe of the Light ſo far as to tell before 
hand, to what Point it will arrive at ſuch and ſuch a Place, 
at ſuch a Dzy, at ſuch a Moment. The Means, which 
has enabled him beſt to follow it in its periodical Courſe, 
is to obſerve the Progreſs of the Shadow, which imitates 
all the Steps of the Light, and by the Help of both he haz 
regulated Time ſo far, as to determine all the Moments 
by the Relation they have to the Point where the Sun is, 
found at each Inſtapt, either in its diurnal, or annual Re- 
volution. Happy Obſervation, which fixes the Return, 
and Duration of his daily Labours, and calls, by Order, 
to his Memory, all paſt Events, and regulates his Projects 
for the Time to come. | „ | 
The Shadow has maſt contributed towards diſcovering 
the Progreſs. of Time by that of the Light, which it re- 
. 9 preſents 
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preſents ſenſibly. All opake Bodies oppoſed to a luminaus 
one, intercept the Light of it. We have already taken 
Notice, in another Place, that what 1s perceived behind 
the oppolite Surface, and to which the Name Shadow has 
been given, is not a total Privation of Light, more or leſs 
of it being reflected by the neighbouring Bodies; the 
Shadesw is then but a diminiſhed Light, and it increaſes, 
or ſtrengthens, in Proportion as the Light decreaſes. We 
can conſider the Maſs of Light which extends itſelf from 
the heavenly Body, ſo far as to the Body oppoſed to it, and 
the Maſs of Shadow which occupies the oppoſite Side, as 
a Column of Air, luminous on one Part, and ſhadowed on 
the other. Thoſe two Parts of the Column turn on the 
Body interpoſed as on a Point of Support, and the ſhadowed 
Part, like the Arm of a Whip, makes always a Motion 
contrary to that of the luminous Part: ſo that to be ca- 
pable to aſſign by Points and preciſe Meaſures, the Pro- 
greſs of the Shadow on one Part, it is to know the Progreſs 
of Light, and the Courſe of the heavenly Body which co- 
vers it on the other. 

Such is the firſt Foundation of Gnomonic, or Dialling. 
This fine Art, which conſiſts in the Repreſentation of the 
Circles of the Sphere, and the Courſe of the Sun, or Moon, 
by the Projection of the Shadow oppoſed to them (which 
we call a Dial) has borrowed its Name from the Word 
Gnomon, which ſignifies equally an Index or a Dial. What 
can be, then, the Reſemblance between that Inſtrument, 
with two Branches joined in a right Angle, and the Indi- 
cation on the Courſe of the Shadow ? "They employed, at 
firſt, for that Purpoſe, a Quadrant, one Side thereof was 
faſtened to the Ground, and the other, w/z. its Point, ex- 


_ tended to a perfect Level, to indicate the Point whither 


the Shadow was carried. Not contented with Projections 
on a Plane, the Shadow of a Point, a Pyramid, or a Ball, 
terminating a Support expoſed to the Sun, it has been 
found much more proper to oppoſe to the Sun a long 
Plate, or Rod, either of Wood, or Metal, which. could 

ive long Shadows, to be traced in ſuch a Manner, as to 
Hem an exact Repreſentation of the Returns of the Light, 
by Lines, more proper than a Point, to render ſenſible the 
Poſition of the Shadow which contraQs with that Light. 
Laſtly, a third Manner was found of indicating the Fall 


and 


Of Dialling. 191 
and Progreſs of a Ray of Light; and that was, to receive 
it through a Maſs of Shad v, to render the Brightneſs and 
Situation of the luminous Point more conſpicuous, by mak- 
ing it to cut on the Black round about it. 

The ſecond Principle, or next grand Im- 1 

provement in the Art of Dialling, is owing b = E, 
to the following Obſervation; by Virtue the Art of 
whereof, the Projection of Shadows has been Diall ng. 
rendere4 much more eaſy and ſucceſsful. 
There is ſuch a Diſtance from the Earth to the Sun, that, 
with regard to it, our whole Globe may be conſidered as 
a ſingle Point; and, conſequently, the opake Body, round 
which we obſerve the Sun's Revolutions, may be Jooked 
upon as the Earth itſelf : whence it follows, that the regu- 
lar Image of the Shadow of that Point on our oppoſite 
Plane, exactly repreſents the Sun's Revolutions round the 
Earth. 

By another Conſequence of the ſame Principle, if we 
obſerve the Sun's diurnal. Revolution round an iron Rod, 
placed parallel to the Axis of the Earth, this Rod becomes 
the ſame Thing as the Axis itſelf. It may be called the 
terreſtrial Axis, and the Revolution of the Shadow of our 
Axis, will anſwer exactly to the Revolution of the Sun. 
For notwithſtanding there are 1400 Leagues from the Cen- 
ter and Axis of the Earth, to the Point of the Style, and 
to the repreſentative Axis which you lay out, here, by a 
Line under the Sun; that Diſtance is not to be minded; 
both Centers making but one ſame Center, and both Axes 
but one ſame Line, in the remoteſt Diſtance of the Sun ; 
and the Progreſs of the Shadow, projected by your Axis, 
is the Repreſentation of the Progreſs of the Sun itſelf. 

The moſt able and judicious Mathematicians pretend to 
be fully convinced, by a Multitude of Proofs, of the diur- 
n and annual Revolutions of the Earth; which being but 
a mere Point, with regard to the whole Creation, can en- 
joy, ſay they, the sight of the Univerſe, and of its diffe- 
rent Aſpects, by Means of its Rotation, far from thinkin 
it the immoveable Center of a Motion, whoſe Immenſit 
is ſurpriſing, and whoſe Rapidity is beyond all Probabili- 
ty. The Learned, however, by transferring to the Earth 
the Revolutions which the Eye attributes to the Heavens, 
ve but ſo much the more ſenſible of the great Indulgence 
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of God to Man, in whoſe Favour all Appearances are ſo 
regulated, as if they all moved for his ſole Benefit and 
Advantage; and who ſees himſelf on his Globe, the 
Center of all that happens in it. Ph 
We have no Occaſion, moreover, to examine, here, 
whether it be the Earth, or the Sun, that wheels about; 
becauſe if we want to make the Shadow of a Candleſtick 
move along a Wall, it is indiffereat whether we carry the 
Candleſtick round the Candle, or the Candle round the 
Candleſtick ; for the Effect will be the ſame ; and it ſuf. 
fices, here, to follow the Syſtem with our Eyes, we want 
neither Obſervations nor Inſtruments to inform ourſelves 
of the Departure or Return of the Light ; but we want 
them to divide the Day into two equal Parts, and fix the 
Diſtance of the Riſing and Setting of the Sun, with regard 
to that juſt Medium, and have, conſequently, the Order 
of our Days; for there is nothing preciſely certain to judge 
of the Arrival cf the Sun at the Point which makes the 
Separation of the Eaſtern Hours from the Weſtern. In 
that reſpect, we may be miſtaken an Hour, at leaſt, if not 
more. Some Method was therefore to be found, which 
might give us ſome Certainty of the Sun's traverſing that 
Line which we conceive to paſs from one Pole to the 
other, through our Zenith ; fince that Line cuts cur Ho- 
rizon in two equal Parts, and alſo the culminating Point 
of the Sun's Courſe above that Horizon. 
1 The meridian Line which we ſuppoſe to 
2 be placed in the Heavens, and . = va- 
rious Points which the Sun is in from Day 
to Day, when he has run half his Courſe, was firſt drawn 
upon horizontal Planes, in a juſt Correſpondence; and 
the Shadow which moves all Day round à Style, erected 
upon this Line, intimates, by falling thereon, that the 
Sun, as well as Man, has done half his Work. | 
It was no ſmall Advantage to be capable of repreſenting 
a Circle. by a right Lige ; and that Repreſentation was 
exact. For the meridian Line is properly the Paſſage of 
the Meridian, conſidered as a maſſive Plane, through the 
Plane of the Horizon; but the Section of a Plane, which 
traverſes another Plane, 1s properly no other than a right 
Line. If you ſink a round Table perpendicularly, into a 
Surface of Mortar, the Mark left by the Table, aſter it 
as 
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has been taken out, is a right Line. Should only a Nail 
ſtick out, you would ſee, at the Side of the Section, the 
print of its Paſlage ; becauſe it was not in the Plane of the 
Table. It is highly requiſite, that the Reader ſhould un- 
derſtand aright, what we are now ſpeaking of. Here is 
a very eaſy Method of finding the Interſection of the Plane 
of the Meridian, upon an horizontal, or * other Surface. 

A B, is a Level, made with a Block, and Plate III 
two upright Sides; it mult be a little maſ- Fig. 1. 
ſive, that it may keep its Situation, when 
once fixed perpendicularly ; and made of a very hard 
Wood, that it may not warp. ; 

Its upper, under, and lateral Surfaces, are cut ſo, as to 
make a compleat Parallelogram : on the upper and under 
Surfaces of the Block, or Baſe; on the upper, and under 
Part of the Foot, Diagonals are drawn, from one Angle to 
the other: to have the middle Point in the Interſection C, 
from the Interſection of the Diagonals, traced on the Foot 
C, to the Interſection of the Diagonals drawn in the ſame 
Manner under the Baſe, a Hole is bored exactly perpendi- 
cular, and proportioned to a ſmall iron Ball, round which 
the Inſtrument rolls without much Deviation. Upon the 
Baſe C, are erected two upright Beams, of about two Feet 
in Height, and diſtant from each other half a Foot, or 
ſomewhat more. | 

On the firit Beam is a Plummet with its Tackle. The 
firſt upright Beam, on the Second, and on the Baſe, with- 
in Side, and without, reaches, on all Sides, the biſecting 
Line, keeping in the Middle of each Piece. Lowards the 
End of the Baſe, on the biſecting Line, there is another 
Hole D, with an iron Ball proportioned to it, to take in 
and out at Pleaſure : It ſerves with the other Ball C, to 
keep the Inſtrument in a conſtant Situation: It may be 
fed otherwiſe. On the firſt upright Beam, and in the 
biſecting Line, a ſlight Notch E is made. 

The firſt Ule of this Level is to find the 
meridian Line, or a Line upon which the Uſe of it. 
Shadow of a Body, oppoſite to the Sun, will 
fall exactly at Mid-day, on an horizontal Plane, ſuch as 
the Pavement of a Church, the Floor of a Gallery, oi the 


See the Vertical and Horizontal Meridian, Vol. IV, Diſc, x. 
Vo I. V. K Scaffold- 
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e prepared for drawing a Sun- dial againſt a 

To give to the Line an exact Poſition, you muſt chuſe, 

if poſſible, a clear Day, about the Summer Solſtice ; be- 
cauſe the Sun's Altitudes are then, nearly, in all Appear- 
ance, the ſame in the Points equally diſtant from the 
South ; and about Nine or Ten in the Morning, place th's 
Level, either on an horizontal Plane, or the Scaffolding 
built on Purpoſe to trace your Dial. After you have fixed 
the ſmall Ball C, in a Hole made on Purpoſe, exactly per- 
pendicular, place the firſt upright Beam ſo, as that being 
on a Level between the Sun and the ſecond upright Beam, 
it may caſt its Shadow exactly on the whole Breadth of the 
Second ; and the luminous Point, which will cut through 
the Notch E, may cut, juſt in the Middle, the biſecting 
Line in f. Mark out that Inſtant a firſt Point on the 
Scaffold, at the Extremity of the biſecting Line in A, on 
the Forepart of the Foot; and another Point at the other 
End of the biſecting Line. At the very ſame Inſtant, 
mark the Height of the Shadow upon the ſecond upright 
Beam, and the Middle, as exactly as you can, of the Foint 
of that Light that paſſes through the Notch at E, upon 
the biſecting Line at F. 

At any Hour of the Day, you may, if you pleaſe, ex- 
poſe the firſt upright Beam to the Sun, ſo as to cover ex- 
Ely with its Shadow the whole Breadth of the other 
Ie ms; but as the Sun is continually increaſing in the 
} oreroon, and continually decreaſing in the Afterr.oon, 
there can be but two Inſtants when the Shadow and the 
Point of Light can meet at the ſame Height, and in the 
fame Situation, on the Surface of the ſecond Beam, w:z. 
the two Points where the Sun is at the fame Diſtance from 
Noon, either before, or after; as at Nine, and Three, at 
half an Hour paſt Nine, and half an Hour paſt Two, at 
Ten, and at Iwo, and fo at any other Hours, with their 
Quarters, and Halves, or other correſponding Minutes. 

Suppoſe your firft Obſervation to be made at Ten in the 

orenoon, 5. e. two Hours before Mid-day, you muſt get 
ready for the Second, a little before Two in the Afternoon: 
turn your Inſtrument round the iron Pin C, towards the 
Sun, which here paſſed ſrom Eaſt to Weſt; and when, in 
feeling the Poſition of the Level, you will ſee the Sun cut- 
ting 
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| ting by Degrees the Shadow of the firit Beam, and the lu- 
minous Point of the Notch exactly at the Points marked 
in the Morning, upon the other Beam ; you are then, un- 
doubtedly, at the ſame Diitance from Noon, and the Sun 
is at the ſame Height above your Horizon: mark there- 
fore immediately upon the Scaffold, the two Extremities 
of the biſecting Line, which croſſes the Baſe. 

Take off then the Level, you have the two Points for 
the Morning, and the two for the Afternoon. join them 
by two Lines croſſing each other: then (by Problem the 
70th) draw a Line to paſs at an equal Diſtance from thoſe 
Points. If the Operation be right, it will (by the 66th) 
reach the Point of Interſection, and this Line is the me- 
ridian Line ſought. For a greater, repeat the Operation 
another Day, and inſtead ot the Hours of Ten and Two, 
make Choice of Nine and Three, or ſome other Points 
equally diſtant from Mid-day. If your meridian Lines, 
taken ſeparately, are found confounded into one, there is 
room to ſuppoſe that you have ſucceeded. But if you 
have two meridian Lines, inſtead of one, either the Ope- 
rations, or Inſtrument muſt be rectified. 

After you are very ſure of a Meridian Line on the Ho- 
rizon, or Scaffolding, you may transfer it on a Wall made 
perpendicular, which is called a vertical Plane, by draw- 
ing upon it a Line perpendicular to that which you have 
drawn upon the Scaffold. For, as this is the Section of the 
Plane of the Meridian on the Horizon, the other is the 
Section of the ſame Plane on the vertical perpendicular to 
the Horizon. However, it is not always neceſſary to draw 
this Line upon the Wall. | 

What we tkall add to this Operation, will give you the 
Hour of Mid-day, with the rett of the Hours on all Sorts 
of Planes. It ſuffices to prolong the meridian Line of 
your Scaffold, ſo as to touch the Wall dy a Point which 
ou may mark upon it. 

If you have no other Deſign than to have a fixed meri- 
dian Line, to ſet your Pendulums, or Watch, after you 
have traced it on an horizontal Plane, and transferred it, 
it wanted, on a vertical, you muſt ere& upon it a Style, 
eithet upright, or oblique, to caſt on that Line the Shadow 
ot its Vertex, the Moment the Sun enters the Meridian, 
which makes the exact Partition of our Horizon. The 
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Exactneſs of the Poſition of that Vertex conſiſts in its being 
in the Plane of the Meridian ; for otherwiſe, the Shadow 
of that Vertex being not itſelf in the Plane of the meri- 
dian Circle, would not fall, at Mid-day, on the meridian 
Line, which is the Interſection of the meridian Circle on 
the vertical Wall. On the contrary, the Vertex of your 
Style, and its Shadow, or the luminous Ray which pierces 
it, will be in the Plane of the meridian Circle, if that 
Vertex be preciſely brought between the meridian Line, 
-wwhich is on the vertical Plane, and a Parallel in the meri- 
dian Plane ; which Line 1s eaſily found : it is a String 
hung in ſuch a Manner, as falling perpendicularly on the 
horizontal meridian Lane of the Scaffold, it is found paral- 
lel to the meridian Line drawn on the vertical Surface. 
Whatever 1s between theſe two Lines, 1s in the Plane of 
the meridian Circle: therefore the Vertex of your Style is 
infallibly found in it. By looking carefully, you find it 
hidden, or cut between the String and the meridian Line, 
drawn on the vertical Plane ; that Line being quite cover- 
4 by the String, you are ſure that your Style is rightly 
xed. 

Lou are ſenſible, that the Sun deſcribes every Day new 
Circles parallel to the Equator, from which it declines for 
three Months ſucceſſively, 23 Degrees thirty Minutes from 
the Meridian; that it returns towards the Equator again, du- 
ring three other Months ſucceſſively, and performs the fame 
Courſe during the following ſix Months in the other He- 
miſphere. It never returns therefore two Days together at 
the ſame Point of the Meridian ; therefore the Shadow of 
the Vertex of the Style, ſhifts its Place in Proportion, on 
the meridian Line; but, at Mid-day, it falls, always, on 
the Points of that meridian Line, higher, or lower, it 
never quits it at that Hour; becauſe the Sun, to which the 
Shadow 1s always oppoſite, 1s found at Mid day in the 
Plane of that Circle. 

When that Shadow arrives on the Meridian, it gives 
you Notice, that the Sun is half Way his Courſe over your 
Horizon; but it does ſtill more; for as it changes Place 
from Day to Day, on that Line, it points out to you alſo, 
the various Decli::ations of the Sun from the Equator. 

The different Points on which the Shadow falls, and 
waich are ſeen expreſſed upon it, by the Figures o. — 

| twelve 
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twelve Signs of the Zodiac, or by the Names of the 
Months, or of the Days, when the Sun enters thoſe Signs, 
and paſſes over ſuch or ſuch Degrees, are ſufficient to ex- 
preſs the Sun's Entrance in the twelve Signs; the two laſt, 
or moſt diſtant from the Equator, are the Tropics of Can- 
cer, and Capricorn; the five other Points receive the Sun 
twice a Year, once in ts Aſcent, and once in its Deſcent. 
They ſerve to the Poſition of two Signs; ſince the Point of 
the meridiaa Circle, where the Sun arrives when he paſſes 
under the Parts of Fries, is the ſame with that where he 
reaches our Meridian, when he enters Libra. The Point 
of the Meridian, under which the Sun paſles, when he 
quits Gemini, to enter Cancer, is in the ſame Declination, 
or Diſtance of the Equator, with that where he repaſſes 
under our Meridian, when he quits Cancer to enter Leo 
and fo of the reit. 

The Sun, indeed, does not make theſe different Pro- 
greſſes on the Meridian; for his Courſe is entirely through 
the oblique Circle, that extends to 23 Degrees 30 Minutes 
on each Side the Equator, Therefore in his different Po- 
ſitions in the Ecliptic, he is brought, by its daily Revolu- 
tion, to different Points of the Meridian; and the Diſtri- 
bution of thoſe Points, in the Content of twice 23 Degrees 
30 Minutes of the Meridian, ought not to be by the Divi- 
ſons of ſix equal Parts of an Arch of 47 Degrees; but by 
a Diviſion that repreſents on that Arch the Sun's Situation 
in the twelve Houſes of the Zodiac. 

In order to find the Arch of 47 Degrees 
of the Meridian, which include the Decli- Fig. 2. 
nations, we will chuſe a meridian Line, 
drawn on a polar Plane parallel to the Axis, and conſe- 
quently, inclined 47 Degrees on our Horizon H O, and 
exactly oppoſite to the South. On this meridian Line, or 
on the Line M, which repreſents it, raiſe at right Angles 
the Perpendicular E q, which repreſents the Equator, or 
rather the Interſection of the equinoctial Circle on that 
Plane : from the Point where that Line touches the meri- 
dian Line, take at any 'Time, with a Compaſs, the Di- 
ſtance, or perpendicular Height of the Vertex of the Style S; 
then, from the Point S, carried at the ſame Diſtance from 
the meridian Line, upon the equinoctial Line E q, and 
with the ſame Opening of = Compaſs, draw the Arch of 
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the Meridian EC. Upon this Arch meaſure 23 Degrees 
and an half, on each Side, to have the Declinations of 
the Sun, from 1ts Entrance into Capricorn, to its Arrival at 
Cancer, and it is from that Point C, that the Sun takes up 
fx Months, to arrive at E, and the other fix Months from 
E into C. The Circle which the Sun runs through, and 
divides into equal Parts, extends itfelf obliquely to the 
Equator, fo that the two Points of that Circle, the moſt 
declining from the E: uator, pals, in the diurnal Revolution 
of the Sphere, under the Points E and C of the Meridian, 
'The Sun therefore arrives every Day in ſome of the Points 
of this Arch of 47 Degrees of the Meridian, according to 
its various Progreſſes through the 12 different Aſteriſms, 
which border its oblique Cir. le, its annual Orbit. 

Io give an idea of the various Poſitions of the Sun, when 
he will come, twice a Year, under all the Points of that 
Arch of the Meridian, which the Sun 1s to go through 
twice a Year, excepting the two moſt declining Points, 
which he glances upon but once, it ſuffices to draw, from 
a Fcint taken for the Center, at an equal Diſtance from 
E and C, the Circle B, E, L, C, and to divide it into 12 
equal Parts: if the Points of the Diviſion found two and 
two, equally diſtant from the Equator, be joined by ſurd 
or pointed Lines, and parallel to the Equator; theſe paral- 
lel Lines will divide the Arch CE into Points more di- 
ſtanced towards the Equator, and nearer towards the Tro— 
pics. Theſe are the Points of the Meridian through which 
the Sun paſſes and repaſſes, without quitting its Ecliptic, 
and following an uniform Courſe: if then, the Sun ſhines 
in Cancer at E, the Shadow of the Style 8 will fall upon 
the meridian Line on the 21ſt of June; if it ſhines in B, 
in Aries, or in Libra L, the Shadow will fall on E q, on 
the 2 iſt of March, or the 23d of September. If the Ray 
comes from Capricorn C, into 8, the Shade will carry it 
on the meridian Line, on the 22d of December The reſt 
is eafily underſtood. The ſmall Circle which we have de- 
ſcribed, and extended from the Point of the Winter Sol- 
ſtice to that of the Summer Solſtice, takes in the whole In- 
terval, which traverſes the Ecliptic. Like the Ecliptic, it 
is divided into 12 Houſes. Whether the Sun occupies the 
upper or lower Part of the parallel Lines we have NR 
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from Point to Point, it produces the ſame Effect. The 
Sun, in its diurnal Revolution, equally aſcends, and paſſes 
through the ſame Points of the meridian Circle. 

We have, therefore, by that Means, a faithful Repre- 
ſentation of the different Poſitions of the Sun in that Arch 
of the Meridian that includes all its Declinations : conſe- 
quently, we have alſo the Declinations of the Shadow that 
anſwer to them, on the meridian Line: and if this meri- 
dian Line, inſtead of being, as it is here, on a Plane which 
makes a right Angle * with the Equator, ſhould be drawn 
on another Plane, it would have the ſame Effect. The 
Lines drawn from the Arch C E, through S, will go, ac- 
cording to their Diſtraction and Extenſion, to mark on the 
meridian Line their Point of Fall, or the Entrance of the 
Sun in each Sign. 

Aſtronomers have carried the Exactneſs of their Calcula- 
tions ſo far, as to mark on the meridian Line, and even 
along the reſt of the Hour lines, the Poſition of the Shadow 
that anſwers every Day to the Sun's actual Situation in the 
e : and thus a Sun- dial becomes a perpetual Alma- 
nack. 

The Geometrician conſiders himſelf as in tie Vertex of 
the Style; and from that Point, which the Sun's great 
Diſtance allows him to confound with the Center of the 
Earth, he obſerves the Rays of the Sun as they paſs from 
one Parallel to another. He ſees thoſe Rays, in the equi- 
noctial Days, fall perpendicularly on the Axis, which 
paſſes through the central Point which he occupies. He 
ſees them coming towards him obliquely, and under diffe- 
rent Obliquities, in Proportion as the Sun is found on more 
declining Parallels. He makes of thoſe Lines, which 
every Day ſhine variouſly on him, Cones, whereof the 
Geometrician occupies the Vertex, and whoſe Baſes he ſees 
fixed at a great Diſtance from Parallel to Parallel. He 
calculates the Differences of all theſe conical Lines, to 
draw afterwards, by exact Points, the Degree of the Sun's 
Courſe, the Sign, the Declination, the Month, and Day, 
that concur with the actual Hour. 

This Work is no ſmall Credit to us; but the Knowledge 
we have of the current Month, and of the Day that lights 

See Vol. IV. Dialogue X. 
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us, renders us, moſt commonly, very little attentive to this 
Multplicity of Points and Lines, which expreſs in the Di- | 
als no more than what we know already. We do not know | 
the Hour; and, to be informed of it, we approach a Dial; | 
let us learn, then, how the Diſtribution of the Hours is | 
made upon it, For that Purpoſe, we apply ourſelves to | 
the Sun-daal, 
Inſtead of uſing the Shadow of the Vertex | 

Sun-Dials, of a Style, or a radiant Point received thro? 
the Shadow, by Means of a Hole made thro' 

a Wall, or a Board, let us make uſe of an iron Rod, to 
repreſent the Earth's Axis, for a Reaſon which I hope you | 
will approve. 
The whole Length of this repreſentative Axis being 
wholly in the Flace of the meridian Circle, cuts, at Mid- | 
day, the oppoſite Surface, by a Line of Shadow extending = 
along the meridian Line. This Projection of the Shadow = + 
of the Axis does not differ, at that Inſtant, from the In- = | 
terſection of the Plane of our Meridian on the Surface of- 
fered. Tis on either Side a right Line, and the ſame, A 
ſmall Ball may be fixed to any Point of this Axis, whoſe 
Shadow wall ſhift Place every Day, as the Sun does, but 
without quitting the Line at Mid-day. Notwithſtanding, 
therefore, the Piverlay of the Sun's Declinations, this 
Lane of Shadow will conſtantly mark, every Day, the Hour 
of 12 at Noon, by lying along the Line of Interſection of 
the Plane of the Meridian, on the oppoſite Surface, Now 
all the horary Circles, which muſt be particularly obſerved, 
which the Sun reaches from one Hour to another, are ſo 
many Meridians for different Horizons. All theſe Meri- 
dians paſs through the ſame Axis, whether the terreſtrial, 
or its Repreſentative ; which is the ſame Thing, ſince the 
Axis of the Earth, and that of the Dial, are confounded 
with regard to the Sun : this Axis, therefore, 1s in the 
Plane of each of theſe Meridians : whence it follows, that 
the Projection of the Shadow of this Axis, by diſplacing 
itſelf fifteen Degrees in an Hour, as the Sun does, wall 
perfectly repreſent, the ſucceſſive Interſections of each ho- 
rary Plane, on the Surface of the Dial, by a Line, which 
is the ſame all the Year. It is, indeed, the {ame every 


Day, at the ſame Hour, becauſe the Sun comes every Day 
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to it, notwithſtanding his Declinations, returning every 
Day at the ſame Hours, though ſometimes higher, and 
ſometimes lower, yet always in the Plane of the ſame Me- 
ridian. To have the Interſections of the Planes of the ho- 
rary Circles diſpoſed, at every 15 Degrees on the Equator, 
is then the ſame Thing as to have the Projection of the 
Shadows of the Axis, which make Part of all theſe Planes : 
reciprocally, to have the Projections of the Shadow of this 
Axis, which traverſes all thoſe Planes from one End to the 
other, is to have the Interſection of all the horary Planes 
on the Plane of the Dial. When you have drawn theſe 
Lines, fix your iron Axis parallel to the Axis of the Earth, 
then your Dial is fimſhed. Theſe Interſections of twelve 
or twenty-four meridian Planes on a Surface, are as eaſily 
had, as the Diviſion of a Circle into 12 or 24 equal Parts, 
Therefore it is alſo very eaſy to have the Projections of the 
Shadow, and of the Axis, that Shadow being inſeparable 
from the Interſections. 

Sun-dials are diſtinguiſhed by Names, ac- 

cording to the Planes of their Surfaces: Let Equinoctial 
us begin with one in a Plane parallel to the Sun-dial. 
Equator, which we call an Equinoctial-dial. | 
For that Purpoſe, draw a meridian Line horizontally 
on whatever Support you think proper to c1ule: raiſe 
upon it a Copper Plate, or of any other Metal, or a Slate, 
till it is parallel to the Equator, and after you hive drawn 
on each Side the Plate a Circle, divided into 24 equal Parts, 
or 48 if you would have the half Hours; drive an upright 
Style perpendicularly quite through the Plate, and draw 
Lines from the Center to the Points of Diviſion: if you 
make the ſouth Line anſwer to your meridian Line, and 
the equinoctial Plate be raiſed ſo as to make an Angle of 
41 Degrees with the Support, for the Horizon of Paris, 
po Dial will be finiſhed, and mark the Hour all the 

ear, 

All Triangles (by Prop. 133.) are equivalent to two 
nght Angles; but your Equator, its Axis, and the Hori- 
zon, or the Surface of the Support, which is parallel to 
the Horizon, make, together, a Triangle; you ought, 
therefore, to find the Value of 180 Degrees in the three 
Angles. But, by the Conſtruction we have ſeen above, 
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the Axis makes a right Angle with the Dial, which is 
here the ſame Thing. 'The two remaining Angles, with 
the Equator, therefore, are together equivalent to go De- 
grees, Now your Dial, and equinoctial Plate, making an 
Angle of 41 Degrees with the Horizon, there remain 49 
Degrees for the Angle which the Axis makes with the 
Hor1zon ; therefore your Dial is at the right Height of the 
Pole which ſuits with Paris. Beſides, your Equator being 
by the ſame Conſtruction expoſed to the true South, fo that 
the Hour Line of 12 cuts in it the meridian Line in Length; 
the Line of 6 Hours, which cuts the meridian Line at 
right Angles, on the regular Planes, draws here towards 
the true Eaſt, and true Weſt ; your repreſentative Equator 
will therefore become parallel, every Way, to the real 
Equator, and one is confounded with the other: conſe- 
quently the Sun will be ſix Months ſucceſſively on your 
Equinoctial, and ſhine upon it from the 21ſt of March to 
the 23d of September; the next Day following, he will 
Pais to the meridional Part, and enlighten the under Sur- 
face during the Autumn and Winter; and the Axis caſting 
its Shadow upon it, as the Sun does its Light, that Sha- 
dow will mark every 15 Degrees, a new Hour. The in- 
ferior will furniſh but 12 Hours about the Equinox, and 
about 8 at the Winter Solſtice; becauſe it can mark ro 
longer than the Sun is on our Horizon; whereas the ſu- 
penor Part will, for the ſame Reaſon, furniſh 12 Hours, 
after the Equinox of the Points, and 16 at the Summer 
Solſtice; that being the Time which the Sun remains on 
our Horizon in the Summer. 
Such is the Conſtruction of the portable 
Fig. 3. Equinoctial- dial. It is made up of a Com- 
paſs- box, a moveable equinoctial Circle, a 
Quarter of a Circle moveable alſo, and a Style, which, by 
Means of a Spring, may be raiſe! above or below the E- 
quator. The Compaſs-box helps us to find the meridian 
Line; the Quarter of a Circle ſerves to raiſe the moveable 


Equator to the Complement of the Altitude of the Pole for 


the Place; and, laſtly, the Style with a Spring is of Uſe, 
during {ix Months, on the upper Side, and as long on ths 


under, 


The 


r 


Of Dialling. 203 

The horizontal Dial, which is very much 
in Uſe, becauſe it ſerves throughout the The horizon- 
whole Year, is drawn on a Plate of Metal, or dal Sun-dial, 

2 Table of Stone. Draw on the Plate the . 

Line XII, D, which is taken for the meri- Fig. 4+ 
dian Line, and which will become ſuch when - 

laid flat on another meridian Line drawn before. If from 
a Point of the meridian Line, as D, you raiſe obliquely a 
Line, or an iron Rod P D, which ſhall make with the 
horizontal Surface an Angle of 49 Degrees for Paris, that 
Line will imitate the Axis of the Earth. Upon this Axis, 
at the Point g, taken at any Time, raiſe a Perpendicular, 
which will meet the meridian Line and horizontal Surface 
at the Point which will be called XII. The Angle of the 
Axis, with the meridian Line, and the right Angle of the 
Line g XII. with the Axis, are to be meaſured on the 
Plate on one Side the meridian Line. Theſe Lines are 
afterwards to be realized in Iron, and raiſed up above the 
Plate in the Plane of the meridian Circle. Theſe three 
Lines may be repreſented by a Triangle of Tin, of the 
ſame Meaſure, and wall riſe perpendicularly over the me- 
ridian Line; the raiſed Back of this Triangle will ſerve 
tor an Axis. 

The Line g XII being at right Angles with the Axis: 
PD, and this Axis making an Angle of 49 Degrees with 
the meridian Line or Surface of the Dial, both Sums make 
up the 139; there remains the Sum of 41 Degrees to com- 
pleat the 180, which 1s the Value of the whole Triangle, 
and the Angle of the Equator, with the Horizon of Paris. 
The Line g XII perpendicular to the Axis, and inclined 
41 Degrees tc the Horizon, according to the Complement 
of Latitude, is therefore, in this Place, the true Radius of 
the Equator ; if we ſeek after tae Interſection of the equi- 
noctial Circle, prolonged on the Horizon, we ſhall find it 
at the Foot of the Radius g XII, and in the indefinite 
Line OS, which croſſes the meridian Plane perpendicular- 
ly; ſince the Line of the Equator cuts the Plane of the Me- 


ridian at right Angles. Inſtead of fixing the Axis, or 
back Part of the triangular Style, on a Line of Support, 


which imitates the Inclination or Radius of the Equator, 
that Support is made perpendicular to the Plane of the 
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Dial, which is a Thing of little Conſequence in regard to 
the Uſe of the Dial. : 

Let us ſuppoſe, at preſent, the reſt of the Hours to be 
ſo many meridian Circles, that paſs through the Equator 
at the Interval of 15 Degrees, luminous as far as the Axis 
which divides them all, but ſhadow'd on the other Side of 
the Axis, which is oppoſite to the Sun. To find in which 
Points of O S thoſe Lines will terminate, let us place a 
Semi-equator, ſuch as C 12, flaton the Horizon, by open- 
ing the Compaſs to the Length of the Radius g XII, and 
let us divide this Circle into 12 Hours, or 24, to have the 
half Hours. Let us draw the Line 12 ſtraight to the me- 
ridian Line XII D, the horary Lines, or ſhadow'd Planes, 
I, 2, 3, 4, 5, being produced, will meet on the Interſec- 
tion of the real Equator in Points, which you are to mark 
I, II, III, IV, V; inthe ſame manner the Planes 11, 10, 
9, 8, and 7 pointed on the Semi-Circle every 15 Degrees, 
and produced as far as to the equinoctial Interſection O 8, 
will meet in Points, to be marked XI, X, IX, VIII VII, 
with the Halves. Theſe muſt be divided on the Semi- 
Circle where they are equal, and not on the ſtraight Line 
O 8, where (by Prop. 71.) they become much longer, and 
tarther diſtant from each other, in Proportion as they fall 
more obliquely thereon. 

Thus a thin triangular Plate, perpendicularly fixed on 
the meridian Line, with its Vertex in g, or only a fimple 
Style placed perpendicularly, or ſo as to have its Vertex at 
the Height, and in the Situation of g, will point out the 
Hours, by the Shadow only moving from one Hour-Line 
to another, through the Equinoctial OS; becauſe that 
Vertex is in the Axis where all the horary Circles cut each 
other, becauſe theſe Points of Diviſions on the Equinoctial 
Os are in the Planes of each horary Circle where the Sun 
is found. It is evident, that if the Sun is in one of the 
Planes, the Point g of the Axis, which is part of that 
Plane, and the horary Point which anſwers to it in the 
ſame Plane, are all exactly oppoſite. The Point g hides 
the Sun from the horary Point, and becomes the Point of 
Diviſion between the Light and the Shadow. 

But, inſtead of the Shadow of a Point, let us take the 
Shadow of au Axis lengthened at pleaſure ; we ſhall find 
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in it the Advantage of a Line of Shadow different from all 
other, and alſo a new Proof of the Truth of our horary 
Diviſions, 

The Axis P D, being raiſed over the horizontal Plane 
at the Point D, ſtands in the Air in the Plane of the Me- 
ridian; and the Shadow of the Axis is ſo much a Part of 
that Plane, that it repreſents it, as ſoon as the Sun comes 
there. This Edge or Point of Shadow is therefore a kind 
of moveable Style, that turns round the Axis oppoſite to 
the Sun, and when the Sun is in another horary Circle, 
the Point of Shadow ſhews the Plane of the Circle, by 
keeping in the Part oppoſite to the Sun. To know juſtly 
whither that Point of Light will carry itſelf in all Caſes, 
we mult have recourſe to our half Equator, which we have 
placed and divided on the Horizon. Let us conſider this 
half Equator C 12, not as a mere lineary Semi-circle, but 
as if it was made of folid Matter. We will take it by 
the Point C, and keeping it upright, without putting the 
Line 12 from the meridian Line XII, raiſe it up by the 
Point C 1, C 12, and keeping the Point 12, we will 
bring the Point C to g; then, if the Sun be in our Meri- 
dian over C, the moveable Point of Shadow, keeping in 
the ſame Plane with the Sun, will fall upon the XII of 
the Horizon, as well as upon the 12 of the Equator, If 
the Sun moves 15 Degrees more Weſterly, the Shadow of 
the Axis, as a moveable Style, will lie along 1 in the Se- 
mi-circle, and arrive into J in the Horizontal Dial. Laſt- 
ly, this Point of Shadow will proceed, and move from one 
Line to the other in the half Equator every 15 Degrees, 
and extend itſelf in the ſame Direction, ſo as to meet the 
Points of the Horizontal Plane, ſo far as where they are 
prolonged and ftopt. But this Point of Shadow, in turn- 
ing round the Axis like a moveable Style, proceeds from 
every Point of the Axis; it proceeds therefore from the 
Point D, as well as from any other. All the horary Cir- 
cles, therefore, which are repreſented by it alternately, 
interfect each other at the Point D, and this Point, whence . 
the Axis iſſues from the Dial, becomes the Center of the 
Dial, and of the horary Lines. We have, therefore, no- 
thing more leſt to do, than to draw Lines from the Point 
D to the Points of the Hours, VII, &c, and in Proportion 
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as the Sun ſhall ſhine on one Side of the Axis, the Shadow 
will of Necellity fall on the oppoſite Lines behind the 
Axis. Its 

When the Point of Shadow becomes parallel to the Line 
C 6 of the half Equator, it will be parallel to the equi- 
noctial Inter ſection O S; but as the Shadow cannot meet 
with that Line, it will be neceſſary to ſearch another Line 
for the ſixth Hour, 

Since the Point of Shadow, that revolves round the Axis 
and the Point D, is at Six o' Clock perpendicular to our 
meridian Circle, and parallel to the Interſection of the 


Equator, there 15 nothing more to be done, but to draw 


through the Center D, where the horary Point is to paſs, 
a Line parallel to OS; this Parallel will be the Interſec- 
tion of the horary Point of ſix on the Horizon: Since that 
Point, repreſenting the Plane of the Circle of fix Hours, 


muſt cut the Horizon with the Axis, which leans on the 


Middle of that Plate. 'I is therefore at the Foot of the 
Axis, at the Meeting of all the horary Lines, at the Cen- 
ter of the Dial, and at right Angles with the Meridian, 
that the horary Line of Six muſt be drawn. 

If the Sun be on the Horizon by Six in the Morning, 


or after Six in the Evening, to have the horary Lines of 
Four and Five in the Morning, you need only prolong, on 
. the other Side of the Line of Six, the Lines of IV and V 


in the Evening; and to have the horary Lines of VII and 
VIII in the Evening, prolong, beyond the Line of Six, 
thoſe which give VII and VIII in the Morning. The 
Reaſon of this Practice is plain and obvious. If after the 
Sun has over-run every 15 Degrees, twelve horary Circles 
be found ftill on our Horizon, the new Circles which it 
over- runs are the ſame with preceding ones, taken only in 
a contrary Senſe. The Plane of each horary Circle, at 
which the Sun arrives, is half way luminous, and half 
ſhadowed ; it is luminous at the Axis, and half ſhadowed 
beyond the Axis; ſo the Sun, at Six in the Morning, caſts 
the Shadow of the Axis towards the Weſt : But twelve 
Hours after, being arrived in the ſame Circle, he enlight- 
ens that Part where the Shadow was at Six in the Morn- 
ing, and caſts the Shadow of the Axis towards the Ealt; 
and thus of the other Hours, But that can go no farther 


than 
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than Four and Five of the Morning, or Seven and Eight 
of the Evening in Summer; fince the Sun, at the other 
Hours, is always under the Horizon. 

To make a vertical Dial againft a Wall, or on a Sur- 
face exactly oppoſite to the South, you are to drive an Axis 
into the Wall, on the meridian Line you muſt have pre- 
viouſly drawn upon it, ſo as to make with the vertical 
Wall an Angle of Supplement equal to the Height. of the 
Pole, wiz. of 41 Degrees tor Paris. Theſe Meaſures are 
firſt taken on Paper, by raiſing the Line DP to the Angle 
DP of 41 Degrees on the meridian Line DC. Raiſe af- 
terwards upon the Axis D P, at any Point taken at plea- 
ſure, as g, a Perpendicular, which wall fall on the meri- 
dian Line on a Point, which you are to mark XII. This 
Line g XII will therefore make with the Plane of the Wall 
an Angle of 49 Degrees, which is the Diſtance of the 
Equator from the Zenith, always equal to the Height of 
the Pole on the Horizon. By dividing the right Angle, 
formed by the vertical Wall and the Horizon, into two 
acute Angles, one of 49 Degrees on the Side of the Wall, 
the other of 41 on the Side of the Horizon, the Line g XII 
will be parallel to the Equator, and may be taken for its 
Radius: of the Height of that Equinoctial Ray draw, as 
you have done for the Horizontal Dia}, a Semi-equator, a 
Semi- circle C 12; divide it into twelve equal Parts, we will 
call or mark the firſt and laſt 6; that in the Middle will 
be 12; join the Line C 12 with the meridian Line XII, 
and carry the Lines of the other Diviſions, by prolonging 
them, till they meet with the Line O S, which is perpen- 
dicular to the meridian Line in XII, and paſſing by the 
Foot of the equinoctial Radius g XII. If you conceive the 
Axis as coming out of the Wall, and by lifting up your 
lineal Semi-equator you bring its Center C to the Point of 
the Axis g, you wall then fee, that the Line OS is the In- 
terſection of the Equator on the Plane of the Wall. All 
the horary Circles, except that of Six o' Clock, carry 
their ſhadowed Points from the Axis to the Equinoctial In- 
terſection OS. Therefore the Lines drawn þ the Di- 
viſions of the Interſection O 8, ought all to meet at the 
Point D, where the Anis is drove into the Wall. All the 
horary Planes, which have thoſe Lines for Sections, toge- 
ther 
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ther with a Line drawn from the Point C, and parallel to 
the Section O S, repreſent the Point of the moveable Sha- 
dow, which, by revolving round the Axis, cuts the Meri- 
dian at right Angles. You will readily perceive this to be 
the horary Line of Six for Morning and Evening. When 
theſe Lines with the Ax1s, . without changing the Angle of 
41 Degrees, are transferred on the vertical South Wall, 
the Dial 1s finiſhed. 

Since this Wall has its two Extremities towards the true 
Eaſt and Weſt; the Sun, at Six in the Morning, and Six 
in the Evening, directs its Rays parallel to it, and pene- 
trates its Thickneſs; for which Reaſon, the vertical South 
Dial cannot mark the Hours, till immediately after Six in 
the Morning, when the Sun begins to ſhine thereon, and 
a Minute before Six in the Evening, when he leaves it, 
The other Hours, which it gives before Six in the Morn- 
ing, and after Six in the Evening, may be drawn by car- 
rying on the Northern Surface of the Wall he Meaſures 
Northern Dial, abovementioned; and prolongi 7 with appa- 
rent Daſhes the Lines of IV an V for the 
Morning; then of VII and VIII for the Evening. 

Eaſtem Dial Let us change the Plane, and take a Wall, 
W one Side whereof faces exactly the Eaſt, and 
the other the Weſt. This Wall is in the Plane of our Me- 
ridian; the meridian horary Circle which paſſes through 
our Zenith, and the Axis that lies on the Plane of that 
Circle, are therefore parallel to this Wall, or lie in its 
Thickneſs: The Axis of the World makes no Angle with 
the Plane of this Wall. If the Axis does not run through 
the Surface of this Wall, the Dial we intend to draw on 
it has no Center, or common Point of Interſection for the 
horary Lines. How then ſhall we have the Shadow of the 
Axis, and that moveable one which anſwers to the Sun, 
changing Circles every 15 Degrees, whilſt it moves round 
the Axis. This muſt be done by raiſing on the Dial a thin 
Plate of Iron, in the Form of a long Square, which by its 
upper Line imitates the Poſition of the Axis; or by driving 
into the Wall a Supporter, to bear up by one of its Extre- 
mities an Iron Rod parallel to the Wall and the Axis of 
the World. The Shadow turning round the Axis, and 
being conſtantly in Oppoſition to the Sun, will fall ſtraight 
On 
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Of Dialling. 209 
on the Wall at Six in the Morning, when the Sun ſhines 
full upon it, and will ſink lower as the Sun riſes higher. 
The ſhadow of this Axis will be projected, ſix Hours af- 

ter, perpendicularly to the Projection of ſix Hours, and be- 
come parallel to the Wall; therefore it will be impoſſible 
to mark the Hour of 12 at Noon, unleſs we take that very 
Circumſtance of the Shadow's quitting the Dial for that 
Hour. Such a Style, or Iron Rod, placed in the fame 
Manner on the other Side of the Wall, will begin the next 
Inſtant to project its Shadow, All theſe Projections are 
neceſlarily parallel among themſelves: But what are the 
Diſtances to be aſſigned to each? We ſhall be directed 
here likewiſe by the meeting of the horary Lines of a 
Semi-Equator on a Line that repreſents the Interſection of 
the real Equator on the Plane. 

Draw the horizontal Line HO, and on the Fig. 6 
Point A, taken at any Time in that Line pa- mY I 
rallel to the Horizon, raiſe the Angle MAL equal to the 
Height of the Pole for the Place where you are; we will 
continue to take, for Example, 48 Degrees, 50 Minutes, 
or only 49 Degrees, which 1s the Altitude of the Pole for 
Paris: if, then, through the Point A you draw the Line 
E Q, ſo as to make with the horizontal Line MO an Angle 
equal to the Elevation of the Equator, or a right Angle 
with A M, parallel to the Axis, the three Lines EAQ, 

MAC, OAH, will repreſent the Interſections of the 
$ Equator, of the Circle of Six, and of the Horizon with 
the Meridian, which is the Wall. 

In our Account of the preceding Dials, we have taken 
no Notice of the Subſlylar-line, which is a Line that paſ- 
ſes through the Foot of a Style placed upright and perpen- 
dicular to the Plane of the Dial, either to caſt a Shadow 
with its Point, or to ſupport the Axis. This Subſtylar-line 
Was hitherto no other than the meridian Line. Here the 
Meridian, and the meridian Line being in the Plane of 
the Wall, the Subſtylar-line will be the Line of Six. Tis 
on the Point A, and on a Line inclined of 49 Degrees on 
the Horizontal, that you muſt raiſe a Blade, in the Form 
Jof a Parallelogram, to caſt a Shadow with its upper Point; 
or an upright Style to caſt a Shadow with its Vertex, or an 
S upright Style, ſupporting an Iron Rod parallel to the m_ 
& of 
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of the World. The Reaſon for making Choice of the 
Point A for the Foot of the Style, and the Line M AC 
for the Sub-ſtylar, is founded on the Sun's Aſpect. 

At Six o' Clock, when the Sun, gliding parallel with 
the Plane of the Equator, makes a right Angle with our 
Meridian, he makes, alſo, a right Angle with the Eaſtern 
Wall: That Ray therefore falls perpendicularly on the up- 
right Style, or Blade perpendicular to the Plane, both be- 
ing, at that Inſtant, without Shadow. An Iron Rod fxt 
at the Top of the Style, ſo as to be parallel to the Axis of 
the World, will caſt its Shadow at Six on the Line MAC, 
placed horizontally like that Axis, this Shadow, being 
perpendicular to the Plane, will be the ſhorteſt that can 


fall upon it; by turning afterwards, like a moveable Blade, 


round the repreſentative Axis, it will grow longer, as it 
becomes more oblique, and fall along the Plane, ending 
upon it, by a Line always parallel to the preceding Pro- 
jection of the Shadow. 

To find out the Height of the Supporter which carries a 
Rod parallel to the Ax1s, or the Height either of the Blade 
or Style; and to determine the Spaces of the Hours, we 
will make Uſe again of a Portion of the Equator, by draw- 
ing it on the Plane on the Surface of the Dial. 

Take the Length A C, then with that Length, as a Ra- 
dius, and with C, as a Center, deſcribe the Arch A8 of 
go Degrees. Divide this Quadrant of the Equator into fix 
equal Parts, and through the Points of Diviſion draw on 
the equinoctial Section E Q, the Lines CB, CF, CG, 
CN, CQ; then through B, F, G, N, Q draw Lines 
parallel to M C, or, which 1s the ſame, perpendicular to 
the Equinoctial EQ, they will be ſo many horary Lanes 
from Six in the Morning to Eleven. 

Weſtern Dial By much the ſame Proceſs we ſhall hare 
the horary Lines on the Weſt Surface; nay, 
and if you draw fir{t your Eaſt Dial on Paper, and oil it, 
then view it on the Back- ſide, it will repreſent to you the 
Weſt Dial. Only the XI will be changed to I in the At- 
ternoon, the X to II. and fo of the others. 

The tlcurs before Six in the Morning, and after Six in 
the Evening, are found by prolonging the Arch deſcribed, 


and taking in the Continuation of the Arch, ſo many Wl 


times 
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times 15 Degrees as the Sun gives Hours before Six in the 
Morning, or after Six in the Evening ; you will carry two 
Lines from C to the two Divifions D and E, and through 
thoſe Diviſions ſo many Parallels to MAC. 

Let us now ſuppoſe the Arch CPA 8 to be raiſed or 
erected perpendicularly to the Plane of the Dial, the Cen- 
ter C to be erect, and A the Point of Contact on the Sec- 
tion EQ. We will pierce that Center with an End of the 
Axis, or an Iron Rod parallel to M AC, the Shadow of 
this Axis turning round as a Plate, will be eight Hours m 
running over the Arch P AS. The Parallels which paſs 
through the Diviſions of P A S, being prolonged ſo far as 
into the Section of the Equator K. Q, on the Plane of the 
Dial, are the neceſſary Interſections or diverſe Falls, which 
the Shadow, rolling under the Iron Axis oppoſite to the 
Sun, will make. We have made uſe of an iron Axis, 
fixed at the End of the Style, in order to make Things 
more obvious. But an upright Style only will mark the 
Hour by the Shadow of its upper End; or a thin Iron 
Plate will have the ſame Effect with the Shadow of its up- 
per Edge. Only oblerve, that the Supporter of the Axis, 
the upright Style, or the Parallelogram, muſt be of the 
Height A C, the Radius of the Equator, by which the 
whole Work 1s regulated. 

The Polar-dial, that is to ſay, a Dial whoſe polar-dial. 
Surface is parallel to the Axis, by prolonging : 
its two Extremities towards the two Poles, and its facing 
the South, has likewiſe its Projects of Shadow in parallel 
Lines. It has no Center, becauſe the Axis does not run 
through it; the Meridian falls directly upon it, and di- 
vides it by a ſtraight Line, which is the meridian Line. 
If any thing be ralſed in it to cait a thadow, it muſt be 
in the Plane of the Meridian, and ſo as to caſt into it, 
that very Inſtant, the ſhorteſt Shadow, ſince (by Prop. 71.) 
it is perpendicular to the Plane, the Sun paſſing directly 
over; after which, that Shadow will increaſe more and 
more in Length, on each Side, in Proportion to its Obli- 
quity, and will ceaſe marking the Hour at Six in the 
-vening, to begin again after Six the next — — be- 
cauſe the Shadow, projected fix Hours before Mid-Day, 
or ix Hours after, 1s parallel to the Plane, and therefore 
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meets it no longer. Whether we make uſe of an Axis pa- 
rallel to the Axis of the World, and place it horizontally 
over the Point, and of an upright Style; or whether we 
erect a Plate in the Form of an Oblong; or whether we 
make Choice only of an upright Style to caſt a Shadow 
with its Point; the Support of the Axis, or of the Plate, 
or of the upright Style, muſt be yet of the fame Height 
with the Radius uſed as above, to make the Diviſion of 
the Hours on an equinoctial Interſection, cutting perpen- 
dicularly the meridian L ine at the Foot of the Style An 
halt Equator, drawn flat on the Dial, with five Diviſions 
on each Side the meridian Line, will give you all the 
Hours poſſible on the Dial, and point out to you where 
you are to draw the Lines parallel to the Meridian. 
TT he Dials, which we have hitherto treated 
— r of, are plain and regular, by reaſon of the 
celining a 
Dials. Exactneſs of their Aſpect towards certain 
Parts of the World. Tis the regular Rela- 
tion of the Plane to certain Circles of the Sphere, which 
helps us to the Projection of the Shadows; but if the Sur- 
faces where a Dial is required, come once to decline, that 
is to ſay, deviate from the Exactitude of theſe Aſpects, by 
making Angles with the Meridian, acute on one Side, and 
obtuſe on the other, the Rules vary then according to their 
Poſitions, which are many. Theſe Rules have been very 
j udiciouſly explained by Clavius and Dechalles, and in the 
new Treatiſe on Dialling, by M. de Parcieux and M. Ri- 
ward, All Caſes are therein properly ſtated, and all Deli- 
neations, which occur in thoſe Caſes, are determined by 
trigonometrical Calculations, 

Having hitherto given you but a very ſlight Sketch of 
the Method of Geometers, becauſe the Hiſtory of the Riſe 
of Arts and Sciences, and the firſt Uſe the Genius of Man 
has made of it, confined me within thoſe narrow Limits; 
I ought not, Sir, to propoſe to you at preſent, the making 
of Dials of all Sorts of Aſpects, by the Proportions of Sines, 
'Tangents, and Secants. Yet as moſt Walls are irregularly 
ſituated, built without any View of making them face this 
or that particular Part of the World, I have attended to 
ſupply the Defe& of Calculations, by a Machine, which 
includes almoſt every Caſe, By the Deſcription Rs 
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ſhall give it, you will find a Cone executed by the leſs ſcil- 
ful Carpenter, under the Direction of two mercileſs In- 
ſpectors, viz. the Rule and Compaſs. It is a very ſimple 
Imitation of the Projection of Light and Shadow from one 
Hour to another, and almoſt all Sorts of Planes without 
iſtinction. The Ule of this Machine is not only mecha- 
nical, but mathematical; ſince Movements meaſured and 
eonceived are as geometrical, as Lines calculated and pro- 
portioned. 
add to the Level N, which we made uſe of to find the 
eridian Line, the following Pieces : 
= The Support S mortiſed into the ſecond up- 
Wright Beam of the level Machine, 1s to be Horary Ma- 
Wijoined by the Tenons M, M, one which chine. /1g.7, 
ij ſecured by the upper Screw U S, the other 
is traverſed with the lower Part of the Level: At the Foot 
of the Supporter 8 (which in this Part is cut ſloping, and 
makes with the Horizon an Angle equal to the Elevation 
of the Equator, here of 41 Degrees) is placed a Semi- circle 
parallel to the Equator, which is the Name we propoſe to 
give it. This Equator is moveable on the Axis A, which 
runs through it in the Centre, at right Angles, and may 
be turned when wanted, then ſtopt again at Pleaſure, at 
the Foot of the Supporter, by the two Screws W. This 
Equator 1s divided into 12 or 24 equal Parts, for 12 Hours, 
or 24 half Hours; if we want any more, the Equator, be- 
ing moveable, will furniſh them, by tranſpoſing it. This 
Equator has been notched of an equal Breadth and Depth 
at the End of all the Diviſions. | 

The Axis A is faſtened in the upper Part of the Support 
8, and carries its lower Part in the meridian Line, which 
is neceſſafy in moſt Dials. On this Axis rolls the Plate L, 
with its Arm and 'Tenon B This Arm turns and pre- 
ſents its Tenon to each of the Notches of the Equator, 
that as it turns round, it may be catched into it, then 
come out, to be carried into the next Notch. 

The Plate L is a Piece of Wood five Lines thick, and 
traverſed by four Grooves, two Lines and a half deep, two 
of them parallel to the Axis PP, and the other two croſ- 
ling the Plate perpendicularly to the Axis T T. 
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R R are ſeveral Riglets of different Lengths, and of 3 
Breadth exactly proportioned to the Grooves PP and TT, 
in which they are to ſlide. 

Each Riglet has its Line of Proof, and is ſharpened into 
a Point flattened on the Side, which ſhall flide on the Blade; 
and having its laſt Point on the Line of Proof, theſe Rig- 
lets may be in Wood four or five Lines thick, to prevent 
their warping ; thoſe of Iron or Brais would be much bet- 
ter. They are faſtened on the Plate by means of a Nut 
and a Screw. 

The Arm B repreſents the Sun's Ray, or the enlightened 
Part of the Plane of any horary Circle. 'The Plate L con- 
traſting always to the oppoſite of the Arm B, repreſent; 
the ſhadowed Part, or what is left of that horary Plane 
behind the Axis. When the Sun atB leaves a Point of the 
Equator, and proceeds 15 Degrees farther, the Shadow, or 
the Plate ('tis the ſame 'Thing) will make a Motion of 1; 
Degrees the contrary Way. 

If this Plate, or moveab.e Shadow, was prolonged as far 
as on the Plane or Wall which faces it, it would cut its 
Surface in a right Line; and if we had only two Points of 
that Interſection, we would have the whole Line (by 
Prop. 7.) Now, our Riglets gliding at Pleaſure through 
the parallel and tranſverſe Grooves of this Plate, they pro- 
long it; they carry two Points that may be mark'd where 
they arrive. But if you have two Points of an InterſeQion, 
you may join them by a right Line; and thus you have 
the whole Interſection. As the Arm B imitates the regu- 
lar Shiftings of the Sun, from 15 to 15 Degrees on the 
Equator, or on a Circle parallel to it, fo your Plate, your 
Shadow, moves with the ſame Regularity : The Riglets 
prolong each Projection of the Shadow on every Plaue, by 
extending either downwards, or upwards, or fide ways; 
the two Points you gain are equivalent to a Line of Inter- 
ſection, and as they give you two Points of ali the Falls of 
the Shadow, you have conſequently the Interſections ot 
the Planes of all the horary Circles. You muſt take tlie 
* ſhorter or longer, according to the Diſtance of the 

The Machine moves regularly, like the Sun, from 1; 
to 15 Degrees, or from Seven and an Half, to Seven and 

an 
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an Half. When the Arm that repreſents the Sun moves 
on the Eaſt Diviſions of the Equator, the Shadow extends' 
itſelf exactly in a right Line towards the Welt ; otherwiſe 
it is quite the contrary, Laſtly, as the Action of the Sun 
is invariable, and independent of the Caprice of the Aſ- 
pects that are preſented to him, the Action of the horary 
Machine is equally the ſame, and carries Shadows exactly 
placed on any Plane. The Difference you will find be- 
teen the natural Projection of the Shadow, and the arti- 
ficial March of your moveable Plate, is, that you are ig- 
norant of the preciſe Quantity of the Progreſſes of natural 
Shadows: whereas, knowing here, exactly the March of 
your Sun B, you know hkewiſe the 15 or the 7 Degrees 
your Plate has over-run, Join the two Points of the Sha- 
dow of each Progreſs, and you will not only have the Hours 
and the half Hours, which you ſearch, but an Exact Know- 
ledge of the whole Operation, 
This will re&ify, by a thort Induction, the different 
Planes to which we are going to apply our Machine. 


We need no Apparatus, or Machine, to trace either a 


ſuperior, or an interior Equinoctial, boch are no more than 
the Diviſion of a Circle into 24 equal Parts, with an Axis, 
which pierces at right Angles the Circle, inclined as the 
Equator, 

To trace an horizontal Dial, place the Level and the 
Axis A well faſtened on the meridian Line; the Riglets 
being brought downward through the Grooves P P, the 
Points traced by them on the Right and the Left of the 
South, will imitate all the Shiftings of the moveable Plate, 


and will depart from the Axis, which will thus become 


the Center of the Dial. You have no need of ſearching 
an equinoctial Line, the Shadow becoming perpendicular 


on both Sides the meridian Line, will be the Line of Six. 


To have the 16 Hours of the longer Days, looſen your 
Equator from under the Screw W, ſo that you may have 
eight Notches on each Side of the meridian Line, where 
the Tenon B may lodge; you have conſequently your fix- 
teen Hours. 

If the Plane be vertical, either meridional, or declining 
on either Side; place the Level, the Pins 1 c, 2 c, and the 
Axis A upon your horizontal meridian Line, —_ — 

te 
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Plate in ſuch a manner as to be an Extenſion of the met. 
dian Line, by ſtopping the Arm B in 12, the Riglets ſlid. 
ing ſtill parallel to the Axis; but in aſcending they will 
reach the Wall, and there trace out the meridian Line, 
and afterwards all the other Interſections that can poſlibly 
be on that Plane. If the Plane cuts the Meridian at right 
Angles, the Riglets wall give you four Points, which will 
form a Line of ten Hours, a Perpendicular to the Meridi- 
an: But if the Wall, for Inſtance, ſhoyld decline from the 
true South to the Eaſt, the Axis of the horary Machine, 
when ſet before it, and prolonged by a Rule, or String, 
will ſhew the Point where the iron Axis is to be drove in- 
to the Wall, which is the Point where all the Hour-lines 
meet. However, without ſearching thus, what follows 
will give it you. The moveable Plate, left to itſelſ, will 
fall towards the End of the meridian Line on the Scaffold, 
and with its two Riglets, upwards or tranſverſally, will 
point out on the Wall the true meridian Line of the Place, 
which falls perpendicularly from the Zenith to the Ho- 
rizon. 

The Arm B, carried towards One or Eleven, and ſuc- 
ceſſively, on the reſt of the Hours, will cauſe the Plate to 
move in a contrary Direction, and the Sliders, whether 
prolonged or ſhortened, according to the Situation of the 
Wall, will leave, every where, two Points of each Horary 
cut. As the moveable Plate has its Center in the Axis, all 
the Hour- lines will meet in the ſame Point of the meri- 
dian Line, and fo direct you where the Axis ought to be 
drove into the Wall. In order to keep this Axis ſteady 
in its Poſition, parallel to the Axis of the Earth, you muſt 
drive a Rod perpendicularly into the Wall, to keep that 
Axis in its Parallehim with the Axis of the World; we 
give it a Support called Style, and which may be fixed up- 
right in the Line which repreſents the Interſection of the 
vertical Circle, proper to the Dial. This Dial, in Fact, 
may be conſidered as an Horizon, different from ours, 
when the moveable Plate will be found betwixt the Plane 
of the Dial and the Axis, over againſt the Point of the 
Heavens which is vertical for our Dial, the Line which 
the Riglets, guided by T T, are to give you, then, will 
be the Subſtylar, where the Support of the Axis ſhould J 
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placed. This Line, as you ſee, is the true Meridian line 
of the Plane of the Dial, which differs ſrom that of the 
Place, when the Dial declines. Bat the Axis being rightly 
placed, and your Lines truly drawn, the Knowledge of the 
dubſtylar-line is of very little Uſe, 

It may poſſibly appear ſomewhat ſurpriſing at firſt, that 


the Hour-line of Six, which in the South-dial without De- 


clination, makes a right Angle with the meridian Line, 
ſhould, in the Declining-dial, make an acute Angle with 
the ſame Meridian: the horary Machine helps us to diſ- 
cover the Reaſon of it. When the Plane fronts the South, 
the Sliders aſeend through P P, in a parallel Poſition to the 
Axis, as high as the Axis in the Wall, where they trace 
a Line perpendicular to the meridian Line, and croſs the 
Center they meet with; but if the Wall draws nearer the 
Side of the Axis, and farther, from the other Side, to- 
wards the Eaſt or Weſt, the Riglets which follow the In- 
clination of the Axis, meet the Side which draws neareſt 
the Axis, before they are extended as far as the Side of the 
Centre; and as the inſide Riglet, by not rifing fo high, ts 
already ſhorter than the Axis, the Outſide is thorter ſtill, 
The Line therefore that is drawn obliquely through theſe 
two Points to the Center, will make an acute Angle both 
with the Axis and with the meridian Line, As theſe An- 
gles vary, like the Declination, they require ſo many Cal- 
culations, as we ind new Declinations. The Motions of 
this horary Machine are as uniform as thoſe of a natural 
Sphere. Whatever Declination happens, theſe Riglets 
fix the Differences from one Situation to another, 

No Difficulty attends the Polar dial and Parallel to the 
Axis. The perpendicular Fall of the moveable Plate gives 
— the meridian Line, and the Place for the Style. The 

iſtauce from the Axis to the Plane of the Dial, fixes the 
Height of the Style. The Plate that moves round, both 
Ways, together with the Riglets, more or leſs prolonged, 
through the tranſverſal Grooves T T, point out the Hour- 
lines parallel to the meridian Line, where the Shadow ar- 
rives every Hour, from Six in the Morning, to Six in the 
Evening ; and this Dial being formed in Imitation of their 
Horizon, who live under the Equator, the Sun, after 
Twelve, will paſs under the Horizon, and the Dial will 
mark no longer, | 


Vor. V. L. There 
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There is the ſame Facility in the Execution of a Dial 
quite Eaſtern or Weſtern. The Plate in a perpendicular 
Direction to a Plane of that Aſpect, points out the Hour 
Six, and the Place of the Style. The Diſtance of the Axis 
that carries the Plate, and of the Plane, which it reſts up- 
on vertically, is the Height of the Style. The ſame Plate 
indicates new Lines parallel to the Line of Six, in Propor- 
tion as the Sun ſhifts from a horary Circle to another. 

If the inferior equinoctial Dial, which ſerves as a Mo- 
del for the ſuperior ; if the horizontal and vertical, the 
inclined, and all the Declinings, which require much Pre- 
caution, and ſo many Calculations; it the Eaſtern, Weſt- 
ern, and Polar, which have Forms ſo different from the 
others ; if moſt of the Dials in Uſe, be formed under the 
horary Machine, in the ſame Diſtribution, and under the 


ſame Form, they receive from the Rules of Dialling, 


founded on the Correſpondence of Shadows, to the Situa- 
tions of the Sun, in the Sphere, it is a Proof, that the 
Machine repreſents right the Curcles of the Sphere, and 
the Projection of the Shadows. Bs 
Portable Dials are included in the Notion of ſome one 
or other of thoſe we have already deſcribed. The Ring- 
dial, however, which is looked upon as preferable to all 
the reſt, is made in a very particular Manner. 
It 15 compoſed of two concentric Circles 
1 ing Dial. of Silver, or Braſs. The outer is the Meri- 
dian of our Horizon; the inner is the Equi- 
noctial. The latter, in order to repreſent the Equator, is 
made moveable upon two Pivots, whereby it is faſtened to 
the Meridian, ſo as to be capable to traverſe it at right 
Angles; and when it is brought to that Situation, it meets 
with two Supporters, which prop it, and prevent its goirg 
ſurther. When it is brought back to its Reſt, it falls into 
two Notches, cut in the Axis, on Purpoſe for its Reception. 
If we want to keep that Equator at the Elevation proper 
ſor each Horizon, the Meridian muſt be ſuſpended by a 
Circle, or Ring, which is brought to the Latitude of the 
Place on that Meridian; tor if the Ring of Suſpenſion runs 


on the Meridian divided into Degrees, at the Diſtance of 


49 Degrees from the Equator, that Ring is at our Zenith: 
therefore from the ing to the Pole, there will remain but 
41 Degrecs, ſince the Pole is at go Degrees from the Equa- 

i tor: 
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th: conſequently the Equator of this Machine will be then 
at 41 Degrees of Elevation on the Horizon; and the Point 
of the Pole at 49. Theſe four Arches together exhauſt the 
180 Degrees of the Horizon, and the Diſtance of the Pole 
is always like the Diſtance from the Zenith to the Equa- 
tor. The Ring, to facilitate all the Diſplacings wanted 
for every Horizon, ſinks a double faſtening in a Groove, 
which reaches along on the two Faces of the Meridian. 
The Piece of Suſpenſion runs thus, at Pleaſure, as far as 
under the northern Pole; and, like the northern or ſouth- 
ern Latitude, regulating the Poſition of the neighbourin 
Pole, it renders the Ring-dial one univerſal Inſtrument. 
The two Poles are repreſented by two Pivots faſtened to 
the Meridian-circle, or to the two Nctches, into which 
the Equino@al-ctrcleis lowered. Theſe two Poles, or Pivots, 
repreſenting the Poles of the- World, ſupport a Bridge, 
which play in them by its Extremities, and croſſes diame- 
trically the -Equator, brought to its Place to act its Part; 
for the Equator is of no Uſe, when folded in its Box, where 
it becomes concentric to the Meridian. | 

The Axis is repreſented by a long and narrow Aperture, 
which riggles along the Middle of the Bridge. The Uſe 
made of this Aperture 1s, to lodge in it a ſmall Piece of 
Metal, which moves, with a Hole through, called Curſor, 
and which running backwards and forwards under the Sun, 
according to the various Declinations where it arrives, from 
one Day to another, is found exactly between the Planet, 
and a Point oppoſite on the inner Edge of the Equinoctial; 
whence it follows, that the Sun, the Curſor, and the Point 
oppoſite in the Equator of the Ring-dial, being on the 
lame Line, that Point of the Equator muſt neceſſarily be 
enlightened through the Shadow which becomes it. 
| To direct the Perſon who makes Uſe of the Ring dial, 
let a Circle be drawn upon Paper, equal in Diameter to the 
Aperture, which one judges proper to give to the Bridge; 
the Length of that Aperture is equal to our Arch of the 
Meridian of 47 Degrees, to take in all the Declinations of 
the Sun; and the Circle drawn, which has that Aperture 
tor a Diamater, repreſents the Ecliptic with its twelve 
Houſes. That Circle, therefore, is divided into twelve- 
equal Parts, the Points thereof are joined two and two by 
parallel Lines, which make Spaces, narrower towards the 


L 2 Tropics, 
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"Tropics, and wider towards the Equinoxes, as in Fig. 2, 
each of the ſix diviſions, which ſerve for twelve Months, 
are divided afterwards into three Times 10 Days, or into 
fix Times five, to ſuit, as near as poſſible, the Poſition of 
the Curſor, to the actual Declination. All theſe Meaſures 
are carefully transferred on the two Edges of the Bridge. 
When this Inſtrument is intended for Uſe, the Curſor is 
put to the Day of the Month, and the Suſpenſion to the 
Latituce of the Place: we turn, afterwards, the flat Side 
of the Bridge, towards the Sun, and his Rays fall exactly 
on the Edge of .the Equator, except in the Days of the. 
Equinoxes, when the Sun turning round the braſs Equator, 
as he does round the celeſtial, can only caſt the Shadow of 
the upper Edge, on that oppoſite to it. The Hour of 12 
at Noon muſt alſo be excepted ; becauſe the Sun, ſhining 
then on the braſs Meridian, throws the Shadow thereof 
vpon the oppoſite Edge, where the Hour of 12 is marked. 
One may know, however, that it is Mid-day, by the Dial 
having no radi.nt Point at all. 

Thoſe who examine this Inftrument with Attention, will 
ſay, perhaps, that the Sun being in the FquinoQtial (in 
R Fig. g.) is inclinable to ſhoot its Ray through the Center 
N, upon the oppoſite Edge P. But if the Sun declines 
from the Equator, the next Day, their Radiation ought 
allo to remove from it. Let us. transfer the Sun to S, in 
its greateſt northern Declination, it will caſt its Ray to the 
Center N, and conſequently, to 23 Degrees and an half 
beyond the Equator ; but by no Means to its Edge P; we 
mall not therefore have on it the bright Spot required. 
You placed the Curſor on the Bridge in J, for the 2 iſt of 
2 What will follow)? If you join with a Thread, the 

eclination 8, the Point of the Curſor I, and the Fall of 
the luminous Point P, with the Edge of the Equator; your 
Thread will be bent at the Curſor, and you will have a 
Curve line. How then ſhall your Point come to the Place 
where you expect it? And yet it will come there. 

This ſceming Oddneſs diſcovers the Capacity of the In- 
ventor; his Way of Reaſoning was this. Let ſeveral Braſs 
Meridians (armed from one Side to the other with a Plate 
pierced iu the Center, and croſs at Right angles an Equa- 
tor placed on the Meridian) be expoſed to the Sun, at di- 
vers diſtant Parts of the Jown; ſuch are the Circle P = 

R E, 
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RE, and the other great Circle it e ntains. When the 
Sun is at the north Declination of 233 Degrees, its Ray, 
in all theſe Inſtruments, will paſs from S to N, and will 
go on the other Side at 23 Degrees from the Equator. 
If we expoſe the moveable Plate to the Sun, 1n Proportion 
as it deſcribes another Parallel, more or leſs declining from 
the Equator, the End of its Ray will deſcribe a like Paral- 
let at the other Side of the Equator. The Reaſon, why in 
theſe Inſtruments fo diſtant from each other, the Effects 
are the ſame, is, becauſe the Circles of all theſe Inſtru- 
ments being reſpectively parallel among themſelves, and 
parallel to the Circles in the Heavens, the Sun's Rays fall 
exactly at the ſame Day, on the ſame Degrees, and all 
theſe Rays are ſo parallel to each other, that they may be 
conſidered as one and the ſame Ray, or rather, a Majs of 
Light compoſed of parallel Threads. If therefore, under 
the Diameter H E, of my Meridian P HRE, as under a 
Tangent, I imagine, or deſcribe a new Sphere, another 
Meridian of the ſame Radius as the preceding one, the 
Sun will as naturally dart its Ray, the 21ſt of Fuze, on 
the 23 3 Degrees of Deciination through the Center of this 
ſecond Sphere, as he does on the ſeveral other Spheres a- 
bove- mentioned. This being ſettled, let the Arch of 47 
Degrees of 8 M, be laid on the Plane of the former, we 
may judge of all the Peclinations by the two furthermoſt 
towards the North S, and the ſouthern Part M. On the 
22d of December, as the Sun glides through in N, he will 
glide, likewiſe, through MP; becauſe P is the Center of 
SM, as N is the Center of s m: and on the 21ſt of June, 
as his Ray lay along s N, he will lay another parallel 
Thread of Light along S P. Let us change the Diameter, 
or the Tangent H E, into a long moveable Plate, which is 
ſlit to receive a Curſor, which may ſlide along a Diſtribu- 
tion of the Days of the Vear, marked on the Edge of the 
Slit. I have already two Points in the Line of the Sun's 
Ray in this Sphere for the 2 1ſt of June, that is, the Point 
of the Declination S, and the Center P. Let us bring the 
Curſor upon the ſame Tangent-line in I, it will be four d 
between the Center P, and a fourth Point, which is the 
Sun. The Curſor, therefore, put that Day at I, will ſuf- 
fice to enlighten the central Point of the Sphere 8 M, ap- 
plied to the Sphere PH RE. Therefore, I ſhall have the 
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ſame Effect the 22d of December ; for the Curſor being put 
at D, will diſcover to the Sun, the central Point P. | 

It, inſtead of a Portion of au imaginary Sphere, or de- 
ſcribed only in the Plane of PHR E, I ſhould faſten to the 
moveable Plate HE, a braſs Sector S MP, and move the 
Plate ſo as to be always oppoſite to the Sun's rolling from 
15 to 15 Degrees on ſome Circle, parallel to the Equator, 
the Sector ſo faſtened to the Plate would move with it; 
and as P is both the Vertex of the Trigon, and the Cen- 
ter of the Sphere 8 M, and together of the ſame Radius 
as the Sphere P HR E, and the Equator contained in it; 
the Plate moving, the Sector, and the Center P will move 
likewiſe as the Sun moves, from 15 to 15 Degrees, from 
a horary Circle to a horary Circle, without forſaking the 
Edge of the Equator: conſequently the Sun, in any Decli- 
nation, will have a Propenſity towards directing its Ray to 
P; and will aire it, in Fact, if the Curſor is rightly 
Placed to give it Paſſage. So that independently of the 
Sun's Poſition in the Meridian PH R E, it will keep its 
Paralleliſm in che Sphere 8 M: It will always touch, and 
infallibly meet the Centre on the Equinoctial, where the 
Sector carries its Vertex; and though we ſhould, after- 
wards, take away the braſs Sector; nay, though it had 
never been drawn, the Curſor well placed on the Marks of 
the Bridge gives you, with the Sun's two Points, tending 
in a right Line towards another Point, correſponding to 
them in the little Equator; every Day, therefore, and 
every Hour, when the Sun is on the Horizon, he will call 
a luminous Spot on the Degrees of the Equator, relative 
to that of the horary Circle, where the Sun 1s found. 
Thus the Effect of the Ring-dial is demonſtrated, 

The 4{rolabe ſhould naturally follow the Inftruments 
afore-mentioned, and ſtill better, on Account of the great 
Number of its Uſes, which ſerves to ſhew with what Suc- 
ceſs Man knows how to apply Geometry to the Netermi- 
nation of the Hours, Days, Declinations, Altitudes, and 
Meaſures of all Sort of Diſtances, taken either on the Earth, 
or in the Heavens; but what I have prepared on that Sub- 
ject is fo prolix, as to make me tremble for you; there- 
fore I have ſuppreſſed it. It at any Time the Beauty ot 
the Matter invite you to ſtudy it with ſome Application, 
you may have Recourſe to what M. Dion has wrote on that 

| Subject. 
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dabject. It is now above two hundred Years ago that Sro- 
ferin taught us, with the greateſt Accuracy, the Manner 
of making an Aſtrolabe, and of uſing it. His Stile is pro- 
lix, and ſmells of the Simplicity of a Workman, but of 


an excellent one. | 
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E T us continue to run over the other Practices of the 
human Sciences, which inſtead of amuſing us with 
out-of-the-way, tranſient Speculations, render, on the con- 
trary, thoſe Sciences uſeful to us, and enrich our Mind 
with permanent Realities. Nothing of that Kind 1s more 
valuable than the Machines and the Direction of the mov- 
ing Powers, which bring under Man's Laws all the Pro- 
ductions of the Earth, and make of him a true Image o 
the Creator. | ; 
Tho? we raiſe him to ſo honourable a Parallel, drawn 
from the Scripture and Experience, we do not loſe Sight 
of his natural Weakneſs: he has but a ſmall Share of 
Strength : he can carrya light Burden, drag along a Body 
of a moderate Weight, or puſh a little Maſs to a ſhort 
Diſtance : but all thoſe Effects are confined within very 
narrow Limits, and, in Reality, very inferior to the Ex- 
tent of his Neceſſities; but it 1s even his own Weakneſs, 
that renders his Induſtry more conſpicuous. The ſupreme 
Wiſdom, by creating him ſo little and ſo weak, had, in 
all Appearance, no other Intention, than to render him 
active and induſtrious. Senſible of his Indigence, he turns 
himſelf every Way; he calls to his Succour Force againſt 
Force, Velocity againſt Gravity, and Gravity againſt Velo- 
city, one Shock, in ſhort, againſt another. By the Aſſiſt- 
ance of Mechanics, this little Being, not above five or ſix 
Feet high, with two Arms only, will diſpatch as much 
L + Wor ks 


* 


224 DIALOGUE XTV. 


Work, as a Giant, whom one would imagine to have % 
Thouſand. The large and maſſy Bodies, with which Na- 
ture abounds, would ſeem every Moment almoſt to drive 
him to Deſpair. What will become of him when any 
violent Tempeſt ariſes ? How will he croſs rapid and deep 
Waters that obſtruct his Paſſage? By the Power of Me- 
chanics, he keeps Nature in Subjection, the Winds are ſub- 
ſervient to his Direction, and convey him at Pleaſure be- 
yond the Seas; he erects ſuch Edifices, as will ſerve from 
one Age to another; he throws ſuch a * Bridge ove: the 
Acne, that his Poſterity looks on it with Admiration, ard 
aſcribes it to no leis a Power than that of the Holy Ghoſt, 


Take Mechanics away from Man, and you render nis 


Thoughts barren. All that is moſt beautiful upon Earth, 
is owing to the Mechanics. 'The moſt common Machines, 
made ule of to ſupply his Want of Strength, are the Le- 
vers, the Beam, or Balance, with equal or unequal Arms; 
Pulleys, ſimple or compounded; the fixed or moveable 
Pulleys; the Axle-tree, and all Capſtanes; the Crane, and 
Calendar: the dented Whcel, the Screw, the Wedge, and 
Mills of all Kinds. Theſe firſt Machines, and many others, 
brought to a Manner of Actiog common to them all, ars 
reduced to the Lever only, the Idea whereof 1s very ſimple. 
'The firk that undertook to remove a Pile 
The Lever: of felled Trees, a Stone of any large Eulk, 
finding no Proportion between the Strength 
of his Arm, and the Reſiſtance of the Maſs before him, 
thought of ſliding underneath a ſtrong Bar, and of placing 
under that Lever a Prop, at ſome Diſtance from the Inſer- 
tion. Thus he made of it a Swipe, divided into two Parts; 
one ſhorter, taking it from the Maſs to be lifted up to the 
Prop, the other longer; that Length taken from above the 
Block to the outer Extremity of the Lever. He ſuſpected 
that the Weight of his Body, at the upper End of this Bar, 
would bring it down, and by that Means, the other End 
would liſt up the Tree a little. And accordingly he ſue- 
ceeded in this firſt Attempt, which gave him an Inſight 
and Encovragement for future Trials; after this, he let 
the Tree fall, put the Block nearer, and having thereby 
lengthened the Fore End of his Lever, without growing 
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ſtronger himſelf, he gained a ſtill greater Advantage than 0 
before. He exerted a Power that was not in him. He lj 
diſcovered afterwards, by ſeveral Trials, that the longer i 
the Lever was between the Prop and the Agent, the lefs j 
Strength was required in the Agent to pull it down, Thus, 1 
by Degrees, he became capable of moving very ponderous [th 
and ſolid Bodies, and of turning, at leaſt, topſy-turvy, what 1 
he could not carry away. He made it, thereſore, roll be- {| 
fore him, from one Place to another; at laſt, he became | 
ſo expert in that Art, that he cut Columns in the remoteſt 9 { 
Parts of 4fiica, and raiſed them afterwards at Memphis, or | 
Rome. | 1 
Not contented with conquering, he learnt how to im- 
prove his Advantages, and make uſe of his Victory. Let 
us conſider his Succeſs by Means of a Figure; now com- 
paring the inequal Lengths of the Lever in the various 
Shiſtings of the Block a ; then changing Levers, without 
diiplacing the Prop, and ſupplying ſometimes the Place of 
his Hand by a Weight, ſuſpended at the End _ 

of the Lever b: he found by Experience, 2 IV. 
that in all theſe Caſes, the Diſadvantage 3 
which he met with, from the Increaſe of the reſiſting Pow- 
er d, was ſufficiently compenſated by the Increaſe of the 
Length of the anterior Arm b, over the ſhorter e. He 
perceived likewiſe, that when the long Arm b. which he 
graſped, was in the ſame Proportion with regard to the 
thorter c, as the Reſiſtance d was with regard to the Agent 
b, there was always an Equilibrium. Happy Remark ! 
the true Source of Light and Profit, which ſtrengthened 
his Hand, by a ſingle lengthening of a Pole, and facilita- 
ted the Diſcovery of fill more uſeful Machines. To pro- 
cure the deſired Effect, in an infallible and regular Man- 
ner, he divided a Rod very ſtraight and ſmooth, or an Iron 
Bean, conceiving that the Lever would always produce | 


tie lame Motions, whether it was ſupported by a Fulcrum, 
or Prop at Reſt, or ſuſpended with a Cord, or Hook; he | N 
placed the fixed Point, or the Point of Suſpenſion, between | 
the End of the firſt Diviſien and the Beginning of the Se- { || 
cond; fo that the thorter Arm of the Lever had but one of 1 1 
tie ten Parts, and the longer, nine. To plice them in 
Equi.ibrio, according to the Proportion obſerved, he hung, 
at the End of the ſhorteit Arm, a conſiderable Weight, 
L 5 ſuppoſe 
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ſuppoſe 18 Pounds, and inſtead of fix Pounds, which {9 
one 'Third of the Height above, on the ſeveral Diviſions 
of the other Arm, and in moving the Weight backwards 
and forwards, he perceived that the fix Pounds Weight 
was in Equilibrio with the 18 Pounds, when it was ſtop- 
ped at the third Point. Then, inſte:d of his Hand, the 
full Strength of which he could not as yet exactly eſtimate, 
he made a ſix Pounds Weight, which is a Third of the 
preceding, run over the different Points of the other Arm; 
and perceived thereby, that the ſix Pounds Weight was in 
Equilibrio with the 18, when ſtopped on the third Point, 
conſidering as nothing that Part of the Arm beyond the 
Point 3, he concluded that there would always be an Equi- 
librium between the fix Pounds Weight, and that of 18, 
if the long Arm was from the Weight to the Prop, only 
three times the Length of the ſhorter that carries the 18 
Pounds Weight. From hence he clearly perceived, that 
the Weights were in an inverſe Ratio of the Diſtances, or 
that when the Diſtance from the little Weight to the Point 
of- Suſpenſion exceeded the Diſtance from the greater 
Weight to the Fulcrum, as much as the greater Weight 
exceeded the leſſer, there was an Equilibrium: for as 18 
Pounds are the Triple of Six, likewiſe three Feet Diſtance 
is the Triple of one; and the leſſer Power recovers its Diſ- 
advantage, with reſpe& to the greater, in the ſame Pro- 
portion as its Diſtance from the Prop or Fulcrum exceeds 
the Diſtance of the greater. To ſtrengthen that Know- 
ledge, our Obſerver removed the fix Pounds Weight, ſhp- 
ped on one of three, on the ſame Arm, and found it in 
Equilibrio with that of 18, when it arrived towards the 
Diviſion b; a new Proof of the inverſe Proportion: for, 
as the Arm of one Foot, which carried 18 Pounds, was 
but the ſixth Part of that of fix Feet; reciprocally, three 
Pounds, carried by the latter, were but a ſixth Part of the 
18 Pounds which were ſuſpended at the ſhorter Arm. 

At laſt, upon trying to put different ſmall Weights at 
the End of the Rod, at the Point more diſtant from the 
Point of Suſpenſion than was the 18 Pounds Weight, he 
found he could not have the Equilibrium, but by placing 
upon it a two Pounds Weight; becauſe, as the Arm that 
corries the great Weight is but the ninth Part of nine Feet, 
kkewiſe the two Pounds Weight is but the ninth Part of 
18 Puls. Tae 
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The Obſerver eaſily perceived, that the nine Parts of 
the Iron Beam, compared with the ſiugle Part of the ſhort- 
er Arm, had an intrinſick Weight, a Quantity of Matter, 
which ought to be taken into the Account, and was a ſmall 
Obſtacle to the Correctneſs of its Proportion, not in the 
Principle, but in the Application. The Lever, in its Prin- 
ciple, is a Line of no Thickneſs; in the Execution, tis 
really a ſolid Maſs. He conceived alſo, that the Diviſions 
might not be perfectly equal; that the Matter of the Le- 
ver might be unequal in Weight from one Diviſion to ano- 
ther; that there might happen ſome Obſtacle, or even Diſ- 
order in the Effect it ſnould produce; ſometimes by the 
Frictions of the Lever on the Prop or Suſpenſion: ſome- 
times by the Impreſſions of the Air, which might dry up 
a long Rod, without affecting the more knotty Part; or, 
ſometimes, by other Cauſes, againſt which he taught he 
ſhould caution himſelf, He learnt, by Degrees, either to 
prevent or correct them, in ſuch a Manner, as to poſſeſs 
entirely, or almoſt entirely, the advantageous Proportion, 
which, with a flight Strength, ſubmitted to him a great 
Reſiſtance. 


It was a great Satisfaction for our firſt Archimedes, that 


he could ſay to himſelf, As I am Maſter of dividing a Le- 
ver into two unequal Parts, the longeſt of which ſhall be 
to the ſhorteſt as one Hundzed is to One; it is as much in 
my Power to hang one Pound Weight at the longer Arm 
of my Lever, and a hundred Pounds Weight at the ſhorter. 
Thereby I place them on a Level, I bring them to an e- 
qual Product; a hundred Pounds multiplied by one Foot, 
being the ſame Total, as a hunded Feet multiplied by 
one Pound. By Means of this Medium, I am ſure, that 
one hundred Pounds will not over-ponderate one, and that 
with two Pounds, I will move two hundred Weight; with 
ten Pounds I will counter-balance a thouſand ; and if to 
the Counterpoiſe of ten Pounds, hanged on the longer 
Arm, I add only one Ounce, or the Impulſion of the Hand 
of a Child, that little Hand, that could ſcarce lift a Pound 
Weight, will lift up a Thouſand, with as much Eaſe, as 
he would his Coral to his Mouth. But we will leave here 
the Marvellous, ſaid he, and think at preſent of Profit. 
If the Length of the Lever cumbers me, I can ſhorten it, 
and apply to it a greater Force, Inſtead of a Weight, 4 
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will put my Hand to it. Inflead of my Hand, that may 
be of Service elſewhere, I will apply the Strength of an 
Ox, or a Horſe; and I will then not only move a hundred 
Weight, but a thouſand, or a Million. Who knows bu: 
in Proceſs of Time, the Force of a running Stream may be 
applied to this Lever, or even the Action of the Wind, or 
any other Power in Nature: and it is not ſo much a great 
Strength, that is at preſent to be ſought after, as the wiſe 
Application of a moderate Power. 

If this Principle, once diſcovered, be as true as tis com- 
modious, I muſt find it every where the fame, notwith- 
ſtanding the infinite Diverſity of Things to which it may 
be applied. Let us ſee if it anſwers as well in very diffe. 
rent Caſes. 

Let us hang up a Lever, whoſe longer 

Fig. 3. Arm be only double the ſhorter, in the Ra- 

tio, as it were, of 2 to 1, of two Feet againſt 
one Foot. The Ratio of Strength to Strength being in- 
verie of the Diſtance to the Diſtance, my Hand applied to 
the End of the longer Lever muſt make, in an inverſe Ra- 
tio, againſt the reſiſting Weight, an Effort of one to two, 
ſince the Diſtance to the Diſtance is here as 2 to 1. My 
Hand, therefore, will make an Effort of two Pounds a- 
gainſt a Weight of four, and of 20 Pounds againſt a Weight 
of 40. Applied, on the contrary, to the ſhorter Arm of 
the Lever, it will act to a Diſadvantage, and will uſe the 
Force of 40 Pounds againſt 20 Pounds Weight. 
Let us now change our Proportion; and 
Pig. 4. give ten Feet to ew, mal Arm, and two to 
the ſhorter; two is the fifth Part of 10; ſo 
put the Weights in an inverſe Proportion, we will hang, 
tor Inſtance, three Pounds to the longer Arm and 15 to 
the ſhorter, three being the fifth Part of 15, as two Feet 
are the fifth Part of 10. I hus you have the Equilibrium: 
It will be the ſame of ten Pounds in the greateſt Diſtance, 
and thirty in the leſſer. But let us grant here ſomething 
to our own Conjectures; and ſuppoſe, that the 15 Pounds 
Weight muſt over-balance the three Pounds, notwithſtand- 
ing the Exceſs of the Diſtance of three Pounds from the 
Fulcrum or Prop. Let us even make a Suppoſition there- 
of, for we will give it vp if Occaſficn require; and per- 
haps, by proving the Rule a-new, we will find the Reaton 
ct that Rule. The 
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The two Arms of the Lever playing upon the Fulcrums 
deſcribe Part of a Circle; the ſhorteſt the little Arch a» 
the longer the Arch five times bigger b. For if the 15 
Pounds Weight deſcends one Foot, the three Pounds 
Weight, being five times more diſtant from the Support, 
will move five times the Space, and rife five Feet. Now 
*is evident, that the three Pounds Weight acts with the 
Power of three Pounds, at every Point of the Arch it runs 
through: The Action is the fame every where; fo that 
the 15 Pounds Weight meets with the ſame Reſiſtance, as 
if a three Pounds Weight was at every Point of the great 
Arch. The 15 Pounds Weight likewiſe acts with the 
Power of 15 Pounds, at every Point of the Areh it de- 
{cribes ; but the Arch traced by the leſſer Weight, is five 
times larger than that which the greater Weight runs thro? 
in the ſame Time, and if the 15 Pounds Weight move 
through one or two Points, the three Pounds Weight will 
move faſter five to one, and ten to two; they are therefore 
in Equilibrio; for the Action of 15 Pounds repeated a 
hundred times, or applied to 100 Points, is the fame 
Thing, as the Action of three Pounds repeated g oo times, 
or applied to 500 Points. Thus, whilſt the 15 Pounds are 
moving through two Points only, and a& with a Power 
equal to twice 15 Pounds, or the Sum of thirty, the three 
Pounds will run through ten Points, and act with a Force 
proportionable to ten times three Pounds, which is equal 
to thirty, The Refiſtance, therefore, that the great 
Weight meets with in deſcribing each Point of its Arch, 
is the ſame, as if it lifted at once five ſolid Bodies of three 
Pounds each, i e. a Weight of 15 Pounds. But as the 
great Weight, in traverſing one Point, cannot force the 
I-{{er to traverſe more than five ; the leſſer, which deſcribes 
tive, cannot force the greater to traverſe more than one. 
They keep each other in that Proceſs, the one cannot over- 
balance the other; and thus the Suppoſition made, that 
the greater would over-power the leſſer, is found to be 
falſe. They are two different Powers, Which are become 
equal; and, by a {light Impulſion, we may, at Pleaſure, 
cauſe one or other to give way, Tis no difficult Matter 
ior a Man to put 3000 Pounds on one Side, and 15090 on 
the other; and when he has ſo done, he may elevate or 
Cepreſs the 15000 Pounds by the Tip of his Finger only : 
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and if from the Sum of the Forces it requires or over ba- 
lances, we ſubſtract what it has left, we ſhall find that he 

ins 4 for 1, 12000 for 3000; he may increaſe his Gain, 
— without augmenting the Expence, or Power z, 
for it ſuflices to move it farther from the Fulcrum. If it 
be moved fo far that the ſhorteſt Arm be to the longeſt, as 
2 to 20, which 15 one tenth of twenty, the ſmaller Weight 
will be the tenth Part of the greater; three Pounds will be 
equivalent to 3-, and 3000 to 30000. 

3 Together with the grand Principle of Me- 
2 of chanics, we begin likewiſe to ſee the Ratio 
ewers. thereof. If that Ratio to which we attri- 
bute the regular Effects of Mechanics be true, in Proportion 
as that Cauſe ſhall grow weaker, we ſhall find that the 
Effects will grow weaker likewiſe. This will happen 
when the Directions of the moving Powers will be no 
longer the ſame, either between themſelves, or with re- 
gard to the Fulcrum. In the Application of moving Pow- 
ers, it is indifferent whether the Power aſcends or deſcends; 
whether the Weight gravitates either in following its na- 
tural Propenſity, or moving in a contrary Direction; it 18 
only required, that the Action be always the ſame, and 
the Powers compared together ſhould act with Uniformity. 
Now this Uniformityof Forces, which maintains the Equi- 
librium, muſt ceaſe when the Directions of the Forces ſhall 
happen to ceaſe; for the Lever, to which they are imme- 
diately apply'd, or on which they are ſuſpended, 1s either 
ſtraight, as g b (Fig. 5.) or bent as f b. If it be ſtraight, 
the Diredions mult be parallel, as g i bh, and if it be 
bent, the Directions muſt be perpendicular to their Part 
of the Lever, as g is to fl, and b h to 1 b; where the 


Directions are parallel. as b h and g 1; then the Arms of 


g b are the Meaſures of the Diſtances to the Fulcrum, and 
of the Proportion of the Powers; but if theſe Directions 
be oblique, or inclined on each other, as c g, or dig with 
regard to b h; then theſe Directions deſtroy the Proporti- 
on between the Diſtances and the Powers. The Action 
which goes from g into d, draws in Part towards 1, and 
in Part towards b. It is therefore divided; it is no longer 
what it was, when entirely re- united in the Direction g 1. 
Likewiſe the Power g c, the Lever g, draws partly ta- 
w:rds i, and partly towards a. The nearer it will ap- 
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roach, and the more it inclines to a, the more Strength 

it will loſe towards i; therefore the Perpendiculars b h and 

gi muſt be drawn to have a Computation of the Forces 

by the Diſtances ; therefore the Directions muſt be perpen- 

dicular on the ſtraight Lever, if we want to make uſe of 
its Arms, to meaſure the Powers. 

If the Lever b is bent in 1, as f b, then the Power ap- 
plied to f, will act either according to the Direction f e, 
or to that of of; or will draw towards K. Little or no 
Advantage is gained by the Direction fe, which 1s oblique, 
with regard to the Lever f, as gd, with regard to the 
Lever g b. As you deſtroy the Equilibrium of two Pow- 
ers, when you turn the Direction of one of them towards 
e; you deſtroy it alſo, by drawing or acting towards K. 
To recover the Proportion of the Equilibrium, you muſt 
carry the Perpendicular c f on the bent Lever f; and then 
the leſſer Power c 1s to the greater h, as the leſſer Arm 
2 b, where the greater Power acts, is to the Arm 3 f, on 
which the leſſer Power acts. 

From theſe Obſervations proceed two or three Rules of 
great Uſe. 1. If two Weights or Powers be in a recipro- 
cal Ratio of the Diſtances extending from the Fulcrum to 
the Perpendiculars, there is Equilibrium. 

2. It two Weights or Powers, one whereof following its 
Direction, and the other moving contrary to his, paſs throꝰ 
Spaces that are reciprocal to each other, as the Powers are; 
and ſo as that the large Spaces may be run through by the. 
leſſer Power, and the leſſer Space by the greater Power; 
there likewiſe will be an Equilibrium; becauſe the Action 
of one Power 1s equal to the Reſiſtance which is made by 
the other. 

3. If the Diſtances to the Fulcrum be equal, and the 
Spaces which are run through be alſo equal, there can be 
no Equilibrium, unleſs the Powers be equal. And as the 
Equilibrium can be found, by making the Powers equal; 
likewiſe the Equality of the Powers are eaſily found by 
ſearching the Equilibrium. 

The Inſtrument uſed tor this laſt Proceſs is 


the common Balance or Scales; becauſe the FB. ® 
Arms are made of equal Lengths. 
The Inſtrument with unequal Arms, uſed ET 
Ig. 


= 1 © _ * 
m the preceding Experiments, are the Roman 
Balance, or Statera, Expe- 
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Experience and Reaſoning have brought theſe Inſtru- 
ments to Perfection, by the Suppreſſion of ſeveral Defects, 
contrary to the Rules above-mentioned. 
Modine te- 'The ſeveral Parts of the Balance, are the 
1 Beam, the Axis, the Tongue, and the Scale. 
Virſt, The Arms of the Beam muſt be equal 
Fig. 6. and in Length and Weight, becauſe the Mer- 
Fig. 7. chandize, which is put into one of the Scales, 
ought to be as ponderouz as the Weights in 
the other; which would not be, were the Arms unequal, 
| For tho' one of the Arms ſhould be of five 
Fig. 7. Parts, ſuppoſe five Inches, and the other but 
four, they would appear in Equilibrio, ſhouid 
the ſhorter Arm be a little thicker than the other. The 
Goods placed on the longer Side, traverſing a greater Space 
than the Weight on the ſhorter, would . to ĩt a Pow- 
er ſufficient to make an Equilibrium, though it ſhould 
weigh but four fifths of the Weights in the other Scale; 
and out of five Pounds, there would be one deficient, and 
one Ounce out of five Ounces. For as the Diftance of the 
Weight from the Point of Suſpenſion would be but the 
four fifths of the other Arm, reciprocally the Commodity 
ſuſpended at this would be but four fifths of the Weight. 
Secondly, The Arms of the Beam ought 
Fig. 8, not only to be of equa] Lengths, but the 
Beam ought likewiſe to be very ſtra'ght, 
otherwiſe the Scales will be deceitful. To diſcover this 
Defect, let us conceive the Weight and Commodity to be 
in Equilibrio, when the Beam is level to the Horizon: For 
we ſuppoſe the Arms equal, and the Points of Suſpenſion 
of the Scale equally diſtant from the Axis: But if the Scale 
be bent, if the Arms of the Beam incline downwards, and 
the Weights are to aſcend, as is cuſtomary in Commerce, 
the Weight which from the Direction a, where it ſtood, 
aſcends into b, is found in a Direction more diſtant from 
the Center; and, on the contrary, the Commodity in de- 
ſcending, will paſs in a Direction nearer to that Pcint. 
Thus, inſtead of a ſingle Draught, which is allowed the 
Buyer, to ſatisfy him that he has, not only his Weight, 
but an Overplus.; it will be abſolutely neceſſary to add 
ſomewhat conſiderable to the Commodity, to put it in 
Equilibzio with the Weight, fo as to make it aſcend: 
| Since 
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| Brice the Change of Direction renders the Weight on the 


one Hand ſtronger, and gives leſs Power to the Commodi- 
ty on the other. So that to make the Draughts, there 
muſt be more added, when the Beam 1s bent downwards, 
than when it is ſtraight, and horizontal. Such a Balance, 
therefore, is diſadvantageous to the Seller. If the Beam 
was bent outwards, 1t would be a quite oppoſite Defect ; 
ſince the Commodity in deſcending, to make the Weight 
aſcend, would require a more advantageous Direction and 
more diſtant from the Center; whereas the Weight would 
loſe, by bringing its Direction nearer the Axis, which 
would injure the Buyer. | 
'Fhe Balavce would not be free from the 
ſame Defect, if the Beam being ſtraight, the Fig. 9. 
Points of Suſpenſion were below the horizon- 
tal Line, which ſhould paſs through the Axis. The 
Middle of the Beam would deſcribe a ſmall Cirele round 
tie Axis, ſo that a Radius of that ſmall Cirele would gain 
in aſcending a Direction more diſtant from the Axis; and 
the ther Radius, in deſcending, would be in a leſs diſtant 
Direction, therefore the ſame would happen to the Baſons 
or Scales. To avoid this Inconvenience, it is necofſary, 
that the horizontal Line which traverſes the Beam, thould 
cut the Axis, and the Holes where the Scales are ſuſpend- 
ed, Thus the whole move always on either Side in paral- 
le] Directions. If the Weight and the Commodity, being 
in Equilibrio, ſhould quit all theſe different Directions, to 
ſcarch only that where they are on a Level, it is the Effect 
of the Direction of Nature, which always brings Things 
of an equal Weight to an equal Diſtance from the Center 
of the Earth, provided they play ſreely in the Fluids that 
ſurround them: | 


To know exactly when the Beam is horizontal and level, 


| a Tongue 1s fixed upon it perpendicular to the Length of 
| the Beam, fo that when the Arms are exactly parallel to 


the Horizon, the Tongue is hidden in Truti- 


na: whence it cannot come out on either Side, Fig. VI. 


but it diſcovers the lowering one of the Scales, 


and the Superiority of the Weight that gravitates in it. 
But that this Mark may be ſure, he that weighs the Com- 


modity ought to hold the Trutina by its Extremity, or have 


| 2t freely tuſpended by a Ring, rather than to graſp the 
: 


Trutina, 
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Trutina, at the Riſk of keeping it inclined ; in which 
Caſe, the Cock would {ip from under the Trutina, with. 
out diſcovering exactly whether the Beam be truly hori. 
zontal, or not, 
1 How commodious ſoever the Balance wa, 

| . for the Simplicity of its Service, it was ſoon 
perceived, that it was embarraſſing in Commerce, with re- 
gard to the Quantity of Merchandize to be delivered: In 
Proportion as the Quantity changed, the Weights wereto 
be changed; and when the Parcels were large, one of the 
Scales was to be loaded with a prodigious Weight, and 
theſe Weights were to be changed often, not without much 
Trouble and Difficulty. Another Inſtrument, therefore, 
was preſently found out for weighing, where one fingk 
Weight, always at hand, and ealy to be moved, could be 
in Equilibrio with different Quantities of Merchandize. 
We will now ſhew you the artful Diftribution of one of 
the Arms of this Inſtrument. 

1 20 Firſt, Though the Lever was divided into 

two unequal Arms, yet in that Inequality of 
Length, it was practicable to make them ſtand in Equili- 
brio, by making the long Arm thin, and the ſhort one 
thick; or even to allow that the longer Arm ſhould over- 
balance the ſhorter; the Thing was indifferent; provided 
that in making the Diviſion of the longer, Regard ſhould 
be had to the Overplus, which could have broke the Equi. 
librium ; and provided likewiſe, one ſhould make a jul 
Computation for it. * 

In the firſt Caſe, where the Thickneſs of the ſhorter 
Arm brought in Equilibrio with the longer ſufficiently 
weakened, nothing more eaſy than the Diviſions of this 
latter, The Length of the ſhorter Arm was taken from 
its Extremity where the Hook b is ſuſpended to the Point 
of Suſpenſion or Center of Motion a, and that Length was 
transferred on the other Arm, as many Times as it may a 
be contained in it. After that, by ſuſpending a ſmall | 
Weight, as c, of one Pound, and rendering it moveable 
by Means of a Curſor or Ring d, it was eafily made to 
paſs along the Arm, through all the Diviſions, 2, 3 4, C 
more, if there were more. This ſliding Weight, placed 
at the Diviſion 1, was found exactly in Equilibrio with one 
Pound of any ſort of Goods, ſuſpended at the Hook 2 
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che two Arms, at the ſame Time, equiponderating each 


other, 'The Pound on each Side was the fame Weight, 


and at the ſame Diſtance from the Center, and conſequent- 


ly equal. But when the Weight c was moved to the Di- 
viſion 2, it was then once more diſtant from the Center 
than the Pound placed in b, where it made a double Ef- 


fort agreeable to the Diſtance; therefore three Pounds of 
8 Merchandize were wanted to equiponderate the Pound c 
brought into 3; four Pounds of Goods to counter-balance 
the ſame Pound c carried on the Diviſion 4, and 20 Pounds 
in Equilibrio with a ſingle Pound, which equiponderate 
twenty, when placed at the twentieth Diviſion. 
no more than a new Application of the reciprocal Compu- 
tation of the Smallneſs of one of the Powers, by the Length 
of the Lever, and the Shortneſs of the other Lever by the 


This is 


Greatneſs of the Power. In all theſe different Poſitions, 
the Arms of the Lever preſerve their intrinſick Equilibri- 
um, and in no wile affected the Truth of the Proportion. 
But in the other Caſe, that the two Arms of the Lever 
were not to be brought to an Equilibrium, another Method 
was wanted to find the Direction of the longer Arm, which 
is as follow. 

Secondly, The longer Arm exceeding, for 
Example, the ſhorter by half a Pound, fo 
that half Pound, ſuſpended at the Hook b b, 
by reſtoring the Equilibrium, was a Proof thereof: then, 
to have a juſt Diviſion of the longer Arm, it was judged 
neceſſary to divide the leſſer into two equal Parts, and car- 
ry one of thoſe Halves of the ſmaller Arm on the greater, 
from the Point of Suſpenſion a a, to the Point 1; taking 
aſterwards the total Meaſure of the ſhorter Arm, and re- 
peating it on the longer, ſo many times as it could con- 
tain it. This done, if the Maſs e weighed one Pound, it 
was found, according to ExpeCation, that being at the 
Point 1, which is half the Length of the ſhorteſt Arm, it 
cquiponderated with one — of any Commodity hung 
at the Hook b b; for, fr/t, one half of this Pound is the 
Compenſation of the Exceſs of the longer Arm, to put ut 
in Equilibrio with the ſhorter. 

Secondly, The other half Pound is to the Pound put at 1, 
a5 the Diſtance 1, half the ſhorter Arm, is to the Totality 
of that Arm. By Means of this Precaution, which repairs 
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the Inequality of the Weight of the Arms, the ſmalt 
Weight of one Pound brought to the Diviſion 2, muſt be 
equivalent to the Merchandize of two Pounds Weight at 
the Hook; at 3 to 3 Pounds, and at 30 to 30 Pounds. 

This Diviſion, which ſurprizes at firſt View, is found. 
ed on the ſame Rule as the former that is fo ſimple. Let 
us ſuppoſe, for once, that the two Arms of the Statera are 
in Equilibrio ; it is evident, that the Weight of one Pound 
Put on the Point 1, which is half the Length of the ſhort- 
er Arm, will equiponderate half a Pound ſuſpended at the 
Hook b b, ſince the Diſtances of the Weights from the 
Points of Suſpenſion are reciprocally as thoſe Weights ; and 
that we have here a double Weight with a half Diſtance, 
againſt a half Weight with a double Diſtance, without any 
Trouble, in regard to the Arms, which are equal in Weizht, 
But if the Arms be unequal, ſo that the longeſt weighs 
double the ſhorteſt, there muſt be half a Pound more hung 
upon the Hook, in order to bring the Arms to an Equzlt- 
ty. The Weight therefore of one Pound being put at 1, 
and the Stilliard being in Equiliorio, there muſt be, of 
courſe, one Pound of Goods at the Hook. For the Equi- 
librium proceeds from that the longer Arm, weighing 
double the ſhorter, the Pound on the ſhorter 1s once more 
diſtant from the Center, than the Pound on the longer. 

If the ſliding Pound be brought to the Diviſion 2, which 
is double the Diviſion 1, then the Diſtance of the Hook 
from the Point of Suſpenſion being two Thirds of the Di- 
ſtance from the ſliding Weight cc to the ſame Point; re- 
ciprocally three half Pounds at the Hook ſhould, in all Ap- 
3 eq uiponderate with two half Pounds cc at 2: 

ut we ſhould remember, that the exceeding Intrinſick of 
the longer Arm on the ſhorter, is of half a Pound ; there 
is wanted, therefore, one half Pound more at the Hook, 
to keep up the longer Arm. Thus the Stilliard being in 
Equilibrio, when the fliding Weight is at the Diviſion 2, 
there will be two Peunds of Goods at the Hook. 

By this Manner of Reaſoning it appeared plain, that, 
when the moveable Weight came to the Diviſion 3, 4, 5» 
30, and 40, there would' be neoeſſarily in the Equilibrio, 
3, 4, 5, 30, and 40 Pounds of Goods on the Hook. 

If, therefore, there was but a Quarter of a Pound re- 
quired at the Hook, to keep the Beam level, after e. 

vide 


4 


E quired a different Kind of Diviſion; and that 
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dieided the ſhort Arm into four equal Parts, it was ſuffici- 


| ent to lay off three of thoſe Parts on the Beam from the 


Point of Suſpenſion, and there mark 1, and then proceed 
to the Diviſion of the Beam, by repeating the whole Length 
of the ſhort Arm, as many times as it may be repeated 
from 1 to the End of the Beam. The ſliding Pound c c, 


being put at the Point, which expreſſes three Fourths of 
| the Length of the ſhort Arm, ſhould, in all Appearance, 


have equiponderated with three Quarters of a Pound on 
the Hook : but becauſe there was a Quarter of a Pound 
more wanted to keep the long Rod in Equilibrio with the 
ſhort Arm, it followed, that the Pound Weight at the 
Point 1 required for the Equilibrium one Pound of Goods 
at the Hook, two Pounds when it arrives at 2; and 20 
Pounds when 1t comes at 20. 

When, to keep up the Beam, two Ounces only were 
wanted at the Hook, then the leſſer Arm, or the Diſtance 


from the Hook to the Point of Suſpenſion, was divided in- 


to 16 equal Parts. From that Numver as many Points 
were deducted, as there were Qunces wanted at the Hook 
to keep the longer Arm in Equilibrio, and the remaining 
Parts were carried on the Rod from the Point of Suſpenſi- 
on. If three Ounces were wanted to keep both Arms in 
Equilibrio, then 13 Parts of the ſhorter Arm, which is the 
Exceſs of the Number 16, were carried on the Number 2 


and the fliding Maſs being of 16 Ounces, could not fail 


of making aa Equilibrium at the Point 1, provided that 


with 13 Ounces hung at the Hook, there be three more 


put to counter-balance the Weight of the longer Arm, 


There ſhould have been then one Pound of Goods at the 
Hook, when the ſliding Weight was at 1. Thereſt of the 


Diviſions being afterwards ſet off by the whole Length of 
the ſhort Arm, there were two Pounds at the Hook, when 


the ſliding Weight was at 2, three Pounds when it came 
at z, four Pounds at 4, and ſo on as before, 


Thirdly, There was a third Cafe, which re- Fig. 12, 

was, when the ſhort Arm ſhould chance to be 

heavier than the Beam. The ſame Principle has alſo fur- 

mihed us with a Manner of dividing it, which is, to place 

fri the ſliding Maſs, which I ſuppoſe, yet, to be a Pound 

Weight, at the Point c, where it can keep the Beam iu 
Equilibrio 
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Equilibrio with the ſhorter Arm, then carry the Meaſute 
of the ſhorter Arm on the longer as many times as it can 
be contained in it, beginning the Numeration, not from 
the Point of Suſpenſion, but from the Point of the Equili- 
brium c. The ſliding Weight being ſtapt ſucceſſively in 
I, 2, 3, 4, 5, Sc. ſhould neceſſarily equiponderate with 
one Pound put on the Hook, then with 2, 3, 4, 5, Ge. 

The Diviſion of the Rod in the preſent Hypotheſis, run; 
ſtill upon the ſame Principle. Let us ſuppoſe, that the Di. 
ſtance from the Point of Suſpenſion to the Point c, is the 
fourth Part of the Length of the ſhort Arm. Let us far. 
ther ſuppoſe the Exceſs of the Weight of the ſhort Arm, 
over the Weight of the long Beam, to be as a real Weight 
ſuſpended at the Hook. It is evident that this Weight 
ſhould be a Quarter of a Pound, for this Weight is a Quar- 
ter of the Pound c, as the Diſtance of the Pound c from 
the Suſpenſion 1s one Fourth of the Diſtance of the Hook 
from the ſame Point. If we imagine the Exceſs of Weight 
of the ſhorter Arm over the longer, as a Weight ſuperadded 
to two Arms equal in Weight, let us put that Exceſs in 
ſome other Point, without moving the ſliding Pound from 
c. In ſuſpending by Imagination a Weight at three Fourths 
of the ſhort Arm towards the Suſpenſion, it may be aſked, 
what will this Weight be? I anſwer, It ought to be one 
Pound; for- the Weight is reciprotally to another Weight, 
as the Diſtance to another Diſtance; but the Weight inc 
is diſtant from the Suſpenſion, one Fourth of the {hort 
Arm, as the exceeding Weight ſought, being here at three 
Fourths of the ſhorter Arm, is only one Fourth diſtant 
from the Suſpenſion. There is thereſore Equality of Di. 
ſtances and Equality of Weights, that is to ſay, one Pound 
on tach Side. 

It we imagine the Exceſs of the leſſer Arm over the 
longer, as a Weight ſuſpended in the Middle of the ſhort 
Arm, what will that Weight be? I anſwer, It will be 
half a Pound, half of the Weight c; as the Diſtance c 15 
half of the Diſtance from the Middle of the ſhort Arm to 
the Suſpenſion. If we imagine the Exceſs ſuſpended at 
the ſirſt Fourth of the ſhorter Arm, it will be one Quarter 
of a Pound, and one Third of a Quarter, which together 
make one Third of a Pound: Since the Diſtance of this 
Weight from the Point of Suſpenſion being triple that p 

C, | 


Of Meebanics. 239 


Je it ought to be but one Third of the Pound that 1s in c. 


. laſtly, conceiving the two Arms as equal, and leaving 1 
ue Pound in c, you would have the Equilibrium by ap- | 4 
ping a Weight to the Hook, what will that Weight be ? | 0 
\ WI anfwer, It will be to the Pound as the Diſtance c is to $ 
ne whole Length of the ſhort Arm. 'That Diſtance is one 1 
Fourth of the ſhort Arm, therefore the Weight ſuperadded 1 
bee the Hook, in order to make an Equilibrium, will be \ 
cone Fourth of a Pound. ; 1 
1 Thus it appears, that in what Point ſoever of the ſhort 1 
Am we imagine the Poſition of the Exceſs on the Weight 1 
„orthe Beam, it will always be certain, that when the ſſid- 9 
ning Weight balances the Beam at any Point, as at c, the . 
u Wright Counterpoiſe of the Exceſs of the ſhorter Arm over i 
„the Beam is found, and there is nothing more wanting af- | 
n WS terwards, than to carry the Length of the ſhorter Arm on 1 
1 WE the longer, as many Limes as it can contain it. There 15 
1 vill therefore be four Quarters on the Hook, the Pound 'Y 
Weight being in 1, the firſt Diviſion from c; ſince the l 
in Weight is then to the Weight as the Diſtance is to the Di- ” 
m WE lance; the Diſtance of the Diviſion 1, from the Suſpen- # 
he ſion, compared with that of the Houk from the ſame Point 1 
d, of Suſpenſion, is, as 5 to 4; likewiſe one Pound at the F 


Hook with the Quarter of Exceſs, which we imagine ſuſ- 
peaded at the ſame Hook, 1s with regard to the Weight 4 
einc, as 5, to 4. There will therefore be one Pound of | 
"rt Goods at the Hook, when the ſliding Weight comes from {i 
ee c to the firſt Diviſion 1. This Precaution once taken, all 5 
int the reſt follow; when the running Weigkt comes to 2, 
Ji. there will be two Pounds of Goods at the Hook, when it 
nd comes to 3, 4, 5, there will be on the Hook 3, 4, 5, or 6 
Pounds of Goods. | 
the If the Exceſs of the Weight of the ſhort Arm, being 
ort conceived, not as faſtened to any Point of the ſhort Arm 
be BW &t Pleaſure, but only as hung at the Hook, ſhould be half 
: is a Pound ; the Point c, where the moveable Weight, when 
to opt, would balance this Exceſs, wou d evidently be di- 
at kant from the Center of a Length equal to half that of the 


rter ſhorter Arm: After which, the Numeration would go on 
her by repeatin g the whole Length of the ſhort Arm. It, on 
this e contrary, the Exceſs were but one, cwo, or three Oun- 


; of ces, the Point c would be dittant from the Center, only 
* Ohe 
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one, two, or three Sixteenths of the Length of the ſhort 
Arm, 

Theſe various Diviſions are no Trouble to any one but 
the Artiſt. When the Inſtrument is approved, and made 
Uſe of in Trade, let the Numbers 1, 2, 3, 4, 5, Cc. be. 
gin from any Point whatever, the Buyer is directed by the 

arks, without any Diffieulty, and, moſt commonly, 
without any Fear of being defrauded, 

However, 1t muſt be allowed, that notwithſtanding this 
Inſtrument is more commodious in many Refpetts, yet, on 
the other Hand, it is more difficult to adjuſt, and more li- 
able to Deceit, than the common Scales, or Balance with 
equal Arms: The great Number of Diviſions which mnt 
be marked along the Beam, and thoſe Marks beins very 
near each other, may occaſion many Blunders, and diſor- 
der the Mechaniſm thereof. The Points of Diviſion muſt 
be of a certain Breadth to be diſcerned. The Seller, thro? 
Fraud or Miſtake, may ſtop the Curſor, or ſliding Ring, 
of the moveable Weight, not exactly in the Middle of the 
Point, make 1t declining on either Side, and the Fault, 
if often reiterated, may cauſe an Error, eicher in what we 
deliver out, or what we buy. 

The long Arm, or Rod of the Stilltard, carries two Di. 
viſions on its oppoſite Sides, and theſe two Sides anſwer 
to the two Diſtances from the Hook to the Center. One 
of them 1s called the ſtrong, the other the weak Side, 
The weak Side is uſed for Commodi ies of no conſiderable 
Weight, and anſwers to its greateſt Diftance from the Hook 
to the Center: I s Diviſions, therefore, are at a greater 
Ditance from each other, as far from each other as poſ- 
ſible. The ſtrong Side ſerves for the moſt ponderons 
Goods; and as on this Side, the Diſtance from the Hook 
to the Point of Suſpenſion is leſs, the Marks of the Diviſi- 
ons are accordingly cloſer. 

The two firſt Uſes of the Swipe, or Lever, are, as ve 
before obſerved, to lift up, and counter balance; but this 
Inſtrument, however, norwi'hſtanding its great Simplicity, 
has been applied to divers other Uſes, the bare Mention of 
which will be ſufficient, 

Two Levers faſtened together in the Form of a Croßs, 
by Means of a Rivet, which traverſes them, and rou:d 
which each by itſelf makes the Swipe, have formed For- 
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ceys and Pincers of all Sorts, Each of theſe Levers is, 2s 


it were, divided into :wo Arms by the Rivet; one of which 


muit riſe when the other falls. When two of their Arms 
are opened or ſeparated on each Side the River, which is 
their common Prop, the other two, tho? they move in a 
contrary Direction, ſeparate likewiſe ; then join each other 
again, when the others cloſe. Let us call anterior Arms 
thoſe we take in our Hand; and poſterior thoſe that are 
beyond the Rivet. The longer the anterior are, the po- 
ſterior will act with a greater Strength. If, for Example, 
the anteriors of a pair of Pincers are ſix Times longer than 
the poiteriors, there needs only to apply a Strength of ten 
Pounds, of which a young Boy is more than capable, to 
give to the Extremity of the poſterior Arms a Power equal 
10 he Action of threeſcore Pounds. By this Means a Block 
may be managed with all the Eaſe imaginable, which 
otherwiſe could ſcarcely be moved. And it a Man, whoſe 
Muſcles can furaith an Action of the Value of 45 or 50 
Pounds, will move, or fix, at his Pleaſure, a heavy Piece 
of Metal, by laying hold of it wich a Fair of Pincers, 
wh- fe anterior Arms are fix Times longer than the poite- 
rior, he exerciſes on tha: Maſs a Strength which is like, 
or equivalent to a Weight of 300 Pounds. 

Iris new Inſtrument, ſo proper 0 lay hold of heavy 
Weights, and conquer Reſiſtances, may be diverſiſied 12 
inſmtum It acquires new Names as well as new Faculties, 
according !0 the differen Forms given to its poſterior Arms. 
One of the molt uſeful 1s, wo have rendered them ſharp, 
aud made Sciſſars, or Forceps, and Sheers of them, the 
Strength whercof increaſes wich he Length of the ante- 
rior Arms: they can be ſuch, as they may be uſed to cut 
Lead, Copper, Iron Plates, or other full harder Matters. 
Ine Strength of the poſterior Arms increaſes, likewiie, in 
Proportion as the Subſtances to be cut are applied nearer 
che Rive. For it is the ſame as if thoſe Arms became 
ſhor er; and we have ſcen, hat he Streng h of che poſte- 
nor Arms increaſes in Proportion as they are ſhor.ened ; 
becauſe the moving Power ha: acts on the Antericrs, is {0 
much the greater, as hey exceed the o hers in Lenz h. 

There is a very advan ageous Manner of 
uling che Lever, which appe i e diffe- 1 

4 ? ch appears qui e diffe- gopped at one 
8 * preceding ones, and where, End, 
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notwithſlanding, the ſame Progreſs of Strength can be 


. 1 O . . — 
obſerved; and that is, by faſtening one End of the Lene 


by a S aple, or Hook, ſo as to keep it from ſlipping, and 
yet in ſuch a Manner, that the Lever may riſe, or fall, in 
1's whole Length. Now, let us conſider three Points in 


this Lever; 1. The Point of faliening, which props one 


End of the Lever. 2. The Point of Reſiſtance, whereon 
the Lever is lowered. 3. The moving Power applied at 
the other End of the Lever. All the Action of this Lever 
falls on the Point of Reſiſtance, and the nearer this Ref. 
ance is brought to the Point of fattening, the greater is 
the Extent given to the Arm that grows longer from the 
Point of Reſiſtance to the moving Yower; which moving 
Power, though always the fame, becomes more active, in 
Proportion as this Length increaſes. In this conſiſts the 
S:rength of the great Preſs ; which is a large Tree, or ſe. 
veral 'I'rees combined together. one End whereof is firnily 
fixed in Clamps. Theſe 'I'rees are laid on a Heap of 
Grapcs, pretty near that ſame End. But at the other End, 
which is at a great Diſtance from it, a large Caſe, filled 
wth Stones, to the Amount of twenty thouland Weight 
or ſome other Power, is made to act, which preſſes the 
Cakes of Grapes with ſo much the greater Facility, as that 
Cake is nearcr the Staple, and more diſtant from the 
Power. 

If a Lever be placed by one of its Ends on an Iron Pin, 
which keeps it ſteady, and that Lever be ſharpened like: 
Knife ; a Loaf, or any other diviſible Marter, ſerving ef 
Reſiſtance to that Lever, will experiment the Action there 
of much ſtronger, as the Power will act at a greater Di. 
ſtance from the Prop, or that Prop will be nearer the $:aple, 
Each Point of this Lever deicribes, at equal "Times, 10 
many different Arches, The nearer he Point 1s to e 
Staple, the leſs is the Arch, and, on the contrary, the mol 
diſtant Point deſcribes the largeſt Arch. All theſe Pu 
which deſcribe their different Arches, in equal I imes, ad 
ſtill in an inverſe Propor: ion of the Powers to the Space) 
through which they run: fo that the Power muſt be in. 
creaſed, in Proportion as the Arch it runs through becomes 
leſs ; and there is leſs Force required, in Fioporon as the 
Agent deſcribes a greater Arch, Suppoſe the Point of the 
Kmte brought on the Bread, to be 5 Limes _ the 
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| (Staple, than the Hand that lowers it, that Hand deſcribiog 
an Arch 5 Times greate! than the cutting Point, if the 
Effort it makes, be equal to the Preſſure of ten Pounds, 
the cutting Point acts with an Effort of 50: and if the 
twenty thouſand Weight, hung at the Beams of the great 
Preſs, is 5 Times more diſtant from the Heap of Grapes, 
than that Heap is from the Point which ftops the. other 
End of the Beams, the Point of Preſſion, by traverſing five 
Times leſs Space than the Weight, preſſes the Grapes with 
an Effort equivalent to one hundred thouſand Weight. 
Whether a Lever, ſtopped by a fixed Point, be lowered 
or raiſed ; whether we ule it to preſs a reſiſting Matter, 
Jaid between the fixed Pe int and the Power; or to raiſe a 
Weight hung between the Staple and the Power, the Ad- 
vantage is the lame, and the Rule the ſame ; 1. e. that in 
all theſe Caſes, what the leſſer Space run through is to the 
greater, the moving Power is to the Reſiſtance. Now, the 
nearer the Reſiſtance is to the Staple, the leſs is the Space 
run through by that Reſiſtance: and therefore the moving 
Power is leſs in Proportion, but then its Weakneſs is com- 
penſated by the Space. | 
The firſt and moſt common Uſes that were 
made of the Lever, were to weigh, preſs, - Plate V. 
cut, remove any ponderous Body. 'The moſt 
advantageous was, doubtleſs, the removing, by that Means, 
very heavy Weights; it was not ſufficient, however, to 
move them only, ſince it was abſolutely neceſſary, that 
ſometimes they ſhould be raifed : and it was by that Means 
only, that Man could re ify the Inconveniences of an un- 
even Ground, and build his Houſes to any Height re- 
required. 
Ihe Parts of the Polley are the Block, the 
Wheel, or Rundle, and the Axis. The firſt The Pulley. 
is that Piece which contains the Wheel, to | 
which it is faſtened by the Axis that is drove through the 
Block, and a Hole in the Center of the Wheel; to that 
the Wheel may turn freely round either Way. Ihe Wheel, 
either of Wood, or Metal, has a Channel round its Cir- 
cumterence to receive the Rope. The Axis is a Pin which 
traverſes the Rundle, and round which as many Points it 
aſcends on one Side, ſo many it deſcends on the other. 
The Pulley is made uſe 1 * two different Ways. It is 
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ſometimes fixed, and ſometimes moveable. It is ſ id te 
be the former, though the Wheel turn round the Pin, 
whenever the Block is fixed and immoveable (Fig. 13.) 
The Pulley is ſaid to be moveable, when the Block is not 
fixed to one Point, but follows tie Direction of the Weight 
that is hung to it (Fig. 14.) The fixed Pulley is a true 
Balance, which muſt be demonſtrczed. The moveable 
Pulley is a true Lever likewiſe, but we muſt ſhew the Ad- 
vantages that attend it. The fixed Pulley is a true Balance, 
becauſe one may conceive each Point of the Wheel at the 
Extremity of a Line, or Radius, terminated at the Pin, 
and correſponding with a like Line on the other Side. 
The two Lanes, or Radii, make together, two Arms, or the 
Equivalent of the Beam of a Balance. But the Beam mult 
be taken horizontally, if we would form a true Judgment 
of the Equality of Weights. Likewiſe, in all the Points 
which compoſe the Wheel of the moveable Pulley, we 
need only regard the two Extremities of the Line that 
croſſes the Wheel and Axis: becauſe theſe are properly 
the Points which receive the Pulſi n of the Powers, and 
which may be conſidered as prolonged by Means of Ropes, 
and immediately applied to the two Ends of the Line that 
cut the Point of Suſpenſion. When we will raiſe a Bur- 
den by the fixed Pulley, we run a Rope over the Wheel, 
and ot the two Ends that hang down in parallel Direcü— 
ons, one ſupports and raiſes the Burden, the other is di- 
rected the contrary Way, by the Power which acts upon 
it, to make the Burden aſcend, while it deſcends itlelt, 
When an Agent, or Power, ſupports a Weigi.t, by the 
Help of a fixed Pulley, he is obliged to act with a Force 
equal t the Weight: for if Lines are drawn from the Cen- 
ter to the Place where the Rope leaves the Pulley, thoſe 
Lines will be horizontal, and, at the ſame J ime, perpen- 
dicular to the Rope; they will meaſure the Diſtances trom 
this Center to the Directions of the Power, and of the 
Weight. Now theſe Lines, being perfeci ly equal, ſupply 
the Want of a Lever with equal Arms, whoſe Extremives 
deicribe equal Arches. The Spaces, therefore, run thro' 
by the Powers, being the ſan.e, the Sums of the Etforts of 
thoſe Powers will likewite be the ſame, and it ſuffices to 
make the Power over-balauce the Reſiſtance, that it turn 
the Scale but never ſo lightly, 
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The fixed Pulley is not only made uſe of to raiſe Bur- 
dens, by the Conveniency of a Counterpoiſe, but to change 


alſo, as often as Occaſion requires it, the Direction of tae 


Powers, and hinders the Rope from wearing off, 
Let us now fee whether the moveable Pulley be not 
more ſerviceable to the Power, than the fixed Pullev. This 


laſt is a Balance, whoſe horizontal Line deſcribes by its Ex- 


tremities equal Arches. But the moveable Pulley is a Le- 
ver, one of whoſe extreme Poiuts is ſuppoſed immoveabie, 
and ali the reſt deſcribe unequal Arches. The Whole Ad- 


vantage muſt be for the Power faſtened to that Point, which 


traverſes the greater Space, which Advantage muſt be mea- 
ſared. 


It muſt be obſerved, that one End of the 
Nope is faſtened to an immovcable Hook a, Fig. 2;. 
and the Power pulls the other End b. So 
that all the Points of the Rope faſtened to the immoveable 
Hook, ſerve to ſupport the Pulley; and becauſe the Weight 
c, is between the Power b b, and the Support a a, it is ne- 


ceſſary, to act with Advantage, that, in the Equilibrium, 


the OWers ſhould make an Effort weaker than the Weight; 


for in reality, the Rope a a, faſtened to the Hook a, ſup- 


ports Part of the Weight c. It is certain therefore, that 
the moveable Pulley facilitates the Action of the Power C, 
and that the ſame may be ſupported by it with a leſs Ef- 
fort than what is required with the fixed Pulley. But if 
we conſider as a Lever, the Line a a, b b, which cuts or 
unites the Points, where the Ropes preſs, or quit the Pul- 
ley ſucceſſively; will it not be evident, that the Direction 
of the Power bob will be twice further from the Support 
a a, than the Direction of the Weight c, which we ought 


to conceive as acting in d? Therefore, according to the 


ſtated Rule for the Lever, the Power b b ſhould act with 


half the Power of the Weight c: the Meaſure of this Ef- 


fort is found in the Compariton of the Spaces run through. 
| Now, ſince the Power b has begun to raiſe the Weight, 
till it arrives over-againſt the Hook a, it is found to have 
traverſed the whole Space from the Ground, or Floor, to 
the Hook a, whilſt the Weight c has traverſed but half 
that Space ; and when the W eight will be arrived at the 
Hook a, the Power b will have run not only through the 
Space from the Floor to the Hook a, but likewiſe another 
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ſuc h Space above the Hook. If therefore the Powers are 
leis m, Proportion, as they are oftener repeated, the d pace 
run through by the Power b being double that traverſed 
by the Weigbt, there is but half the Power wanted to be 
in Equilibrio with the Weight. 

In the Uſe of the fixed Pulley, the Power moving 2c. 
cording to 1ts own Direction, makes the Weight move 
contrary to his, by Means of a ſimple Equality, with a 
very little Superiority. Raiſing of a Burden a; ainſt its na- 
tural Direction, is, then, the tole Advantage gained, 

In the Uſe of the moveable Pulley, we not only raiſe 
the Burden, but do it with half the Strength ; which is a 
new Advantage. Having but a ſmall Share of Strength, 
let us endeavour to huſband it ſtill better, and that even by 
increaſing the Profit reſulting from it; the Merit, and Pro- 
ceiis of Mechanics being like thoſe of G-conomy. 

There are many Inſtances wherein a Man 
may have occaſion to remove or raiſe heavy 
Maſiis, whoſe Weight vaſtly exceeds the 
Strength of his Arms, and even the uſual 
Ecips and Aﬀfgnces' that he receives from the Lever, or 
the moveable Pulley. He cannot therefore conquer theſe 
Keſfftances, but by joining together ſeveral Levers, or ſe- 


Cembined 
Puliey, Tig. 
13, 16. 


veral Fulleys, to multiply the Helps he can receive. His 


combined. Fulleys muſt not be all fixed; for if they were, 
they would rather obſtruct than forward his Deſign, Nei- 
ther muſt they be all moveable, becauſe the moveable 
want good Supports. 
In order, therefore, to render the Combination of the 
Pulleys profitable, he joins the fixed with the 
Moufles. mobile, and that Combination borrows in the 
Mechanics the Name of Moufles. The Com- 


bination of moveable Pulleys, is called Moveable Moufles, 


and that of fixed Pulleys Fixed Moufles. The fixed Pul- 
leys are all incloſed in che fame Block as [Fig. 15.) and the 
moveable Pulleys in another Block, as b, in the ſame Fi- 
gure. Both theſe forts of Pulleys may be united in two 
different Manners : Firſt, All the fixed Pulleys may be tra- 
verſed by one fame Pin a (Fig. 16.) in the ſame Manner 
as the moveable Pulleys by the Pin b, Ci) Secondiy, 
Each Pulley may have 1ts own Fin, One End of the Rope 
is generally faſtened to the fixed Pulley, as c (Fig. 15 ; m 
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a Fig. 16 :) then the Rope runs alternately under one of 
the moveable Pulleys, and over one of the fixed, and ſoon 
over all; and the other End of the Rope is held by the 
Agent, or Power, in order to pull and raiſe the Burden. 
Let us now conſider, of what Succours this kind of Pul- 
leys are to the Agent. Suppoſe an Oilman wants to take 
out of his Celler a Tun of Oil, or any other Commodity, 
of 5 or 6 hundred Weight, let him haue only a Set of 
fixed Pul eys placed over the Hole made in the Roof of his 
Cellar, and another Set of moveable Pulleys faſtened to the 
Veſſel, and two Servants only will be able to draw it up. 
If they are able, as no doubt they are, to lift 5o Pounds 
each, their combined Strength will lift 100 Pounds: No 
let tzem only make uſe of a Block with three Pulleys, they 
will not only make Equilibrium with a Tan of Oil of fie 
hundred Weight, but even raiſe it as ealily as a hundred 
Pounds Weight, from the Bottom of the Celler to the Top. 
That the Force, or Power, 0: one hundred and few Pounds 
will lift up fix hundred, may be demoiitrated by the Prin. 
ciple already mentioned. Suppoic the Weight aſcends one 
Foot, it is neceſſary that the Rope, which encompaſſes the 
ſix Pulleys, and make each of them revolve once the Length 
of a Foot, ſhould ſhorten by fix Feet in the Hands of the 
Perſon that pulls it; which is the fame, as if the Hands 
had traverſed the Space of fix Feet, while the Tun of Oil 
is traverſing the Space of one Foot; but in the Equilibri- 
um, the Powers and the Weights ought to be 1n an inverſe 
Ratio of the Spaces, which the Power runs through ac- 
cording to its Direction, and the Weight againſt its own 


Direction. The Action, therefore, of the moving Power 


which runs through ſix Feet, whilſt the Reſiſtance moves 
only through one, ought to be but one ſixth Part of the 
| Weight, to keep an Equilibrium. Thus, when the Load 
weighs fix hundred Pounds, it ſuffices, that the moving 
Power ſhould make an Effort of 100 Pounds; ſince 106 
Pounds, with a ſingle moveable Pulley, is equivalent to 
two Hundred. If there were four Pulleys in each Block, 
the Rope which encompaſſes four fixed, and four moveable 
Pulleys would flip through eight Feet, while the Weight 
15 traverſing one. It would ſuffice, therefore, that the Rope 
ſhould make an Effort equal to an eighth Part of the Re- 
kltance; and the AQtion of a Man's Arms, or of a Weight 
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of oo Pounds, only adding 2 or 3 Pounds more to it, 
will raiſe eight hundred Weight. The Rule therefore, 


for finding the Proportion of the Power to the Weight, is 
to double the Number of Pulleys in the moveable Block, 


and there is the fame Proportion between the Power and 


the W eight, as between Unity and double the moveable 
Pulleys. In all that kas hitherto been ſaid concerning the 
Pulieys, we have ſuppoſed the Directions to be parallel, 
but if we were to deviate from the Paralleliſm, by making 
them to concur together, the Advantage accruing to the 
Power from the Pulleys would be ſomewhat leſs than that 
we have determined; becauſe, in this Caſe, the Strength 
of the Power would be divided, by drawing the Weight 
parily upwards, and partly towards that Part to wh ch it 
inclines. 

Wpech of The Wheels of Carriages partake, in ſome 
eee meaſure, of the Nature of moveable Pulleys; 
: : the Ground where the Wheel reſts or ſtands, 
is the Point of Support: The Length of the Lever is taken 
trom the Ground to the Nave of the Wheel, which an- 
ſwers to the Beam where the Horſes are tied. Large 
M heels, therefore, are more commodious than ſmall ones, 
becauſe their Levers are longer, and each Point of the 
N ve, which is drawn every Moment, is found in the Di- 
rection of the Traces and at the Height of the Breaſt of 
the Horſes that draw the Carriage. 

There are Roman Medals, and other ancient Monumente, 
that repreſent the Vehicles of the Empreſſes, and other 
Sorts of Chariots. Theſe Vehicles have four Wheels, of 
the ſame Height and Breadth; and therein the Ancients 
ſeem to have been better ſerved than us Moderns, who put 
to our Coaches and Waggons, two very high Wheels, and 
two others very low ones : Whence 1t follows, that the 
Horſes draw at the ſame time the large Wheels by a long 
Lever, which is at their Height, and the ſmall ones by a 
ſhort Lever, much lower than the Wheel itſelf, not only 
the Lever of the little Wheel is ſhort, but the Direction of 
the Trace does not ſeize the Extremity thereof at the Per- 
pendicular, which renders it leſs ſerviceable. The Short- 
neſs of the Lever, in the little Wheel, is not all the Defi- 
ciency ; if we calculate either on the moſt probable Hypo- 
theſis, or on preciſe Meaſures, the little Advantage got 
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by means of the ſhort Lever, and the ſuperior Advantage 
they gain from the greater, which is the perpendicular Ra- 
dius .of the great Wheel, one may reckon at a Medium 
between them, and that will give us the exact Totality ; 
but this Totality of Succours would - be much greater, if 
our Carriages were to roll on four equal Wheels, z. e. by 
the Help of four long Levers riveted at their Extremity in 
a perpendicular Direction of the Trace; not only the Ra- 
dius of the little Wheel, and the Direction of the Trace, 
cauſe here a Diminution of Profit; but even the Horſes are 
loaded, by this oblique Direction from Bottom to Top, 
with Part of the Weight of the Vehicle. Has this double 
Inconvenience been introduced without any Deſign ? No; 
the Intention of the modern Method ſeems to have been, 
to keep the fore Part of the Carriage in a kind of Suſpen- 
ſion in a bad Road. The ſirſt Effort of the Horſes may 
lift up that fore Part of the Vehicle, and fo facilitate the 
dilengaging the other Part. Let us now recapitulate, in 
a few Words, the Advantages procured from the Pulley 
and the Lever. With the common Levers, whether they 
are divided into two Arms by a Prop, or faſtened at one 
End, any Burdens may not only be moved, bur lifted up : 
hut then they cannot be moved by them through any large 
Space, Wich a fixed Pulley, they may indeed be drawn 
up to any Height at Pleaſure, but the Agent muſt act with 
2 Power equa: to the Weight, and even ſomewhat more, 
to carry oft the Equilibrium. With the moveable Pulley, Wl 
it is true, this Reſiſtance is diminiſhed by half: And if 14 
the Number o: Pulleys be increaſed, the Power gains twice | 
as much Strength as there are moveable Pulleys : So that 14 
the moving Power ought to be to the reſiſting Weight, as. 
one is to twice the Number of moveable Pulleys. But this | 
Muitiplic.tton of the Pnlleys, ſo advantageous in many g 
Cates, becomes, notwithttanding, troubleſome, and even 
impracticable in others. Men have therefore attempt:d to 
reunite, in one ſingle Machine, the Advantages of the two 
former, and have ſucceeded. 

Two fixed Pulleys have been joined toge- 
ther, one very large, a, and the other very The Wheel 
ſmall, b; and traverſed by che ſame Axis, ®"* 2 . 
cc. The Rope that draws up the Weight 17. 
1. to be wound round the leſſer Pulley, b: And the Action 
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of the moving Power to the Circumference of the great 
Pulley. a. The great one is called the Wheel, the leſſer 
the Role or Cylinder; and as the Cylinder may be length- 
ened at Pleaſure, ſo may the Breadth of the Wheel be in- 
creaſed in the ſame Manner. There may be ſeveral 
Spokes drove through the Fellows of the Wheel, to help 
the Action of the moving Power on the Wheel, as in a, 
Fig. 17. This Wheel may be made wide, in the Shape of 
a large Drum, and capable of receiving within its Cir- 
cumference one or more Men, who by advancing forward 
in that Drum, will determine each Part they trample up- 
on to deſcend, and which being continued, makes the 
Wheel, the Cylinder, and the Rope, turn round. This 
The Ty Machine is called a Calender, or rather 
e Tympane. 
ympane, c, Fig. 18. 

Inſtead of a Wheel, it may ſuffice to make Holes in the 
Cylinder, io which Spokes, or Radii, are fitted, which 
the moving Powers lays hold of as ſo many Levers, to make 
8 the Machine turn round. The Pulley b, 
Fre. ny: - which is called the Cylinder or Role, occu- 

pies a conſiderable Length to the Right and 
Left of the Cii cumference of the Wheel, a. It may be 
conceived traverſed through its whole Length by a Line, 
or Axis, the two Ends whereof, c c, are called Pivots : Thoſe 
Pivots ſupport the Machine; on them it makes its Revolu- 
tions; they ought therefore to be very firm, that the Mo- 
tions may be regular and ſteady ? The leſs they are, the 
leſs will the Friction be, and the leſs will the Revolution 
he retarded. They may likewiſe be conſidered as the Pin 
of a Pulley, and the Fulcrum on which they turn, as ſup- 
plying the Place of a fixed Block. 

After this Deſcription of the Wheel and Role, let us 
conſider its Uſe. We here find the Advantages of the 
Lever and Pulley, and in the mean time avoid the Incon- 
veniences of both. | | 

The horizontal Radius of the Wheel, by deſcending on 
one Side, raiſes on the other the Radius of the Role where 
the Rope is fixed. The Axis that traverſes the Wheel and 
Role is therefore a true Point of Support: And theſe two 
Radu together perform the Office of a Lever. The Ra- 
dius of the Wheel is its long Arm, and the Radius of the 
Role us ſhorteſt. But the Uſe of the common _— is 
. | OW, 
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flow, and full of Obſtructions; whereas the Action of the 


Lever abovementioned is continued without Interruption 
by another Lever, becauſe the Power being pulling con- 
tinually the ſame Way, cauſes the Weight to riſe higher. 
and higher in a contrary Direction. Theſe Radii meaſure 
likewiſe the Diſtances from the Axis to the Direction, 
that is, to the Circumference of the Wheel where the 
Power acts, and to the Point of the Circumference of the 
Role where the Reſiſtance is made. Therefore, in the 
Equilibrium, the Power is to the Weight, as the little Ra- 
dius, or Radius of the Role, is to the Radius of the Wheel. 
If the Radius of the Wheel is ten times longer than that 
of the Role, the Strength of the Power need be but one 
Tenth of the Reſiſtance. Thus, if we ſuppoſe the Strength 
of the Power equal to 50 Pounds, it will keep in Equili- 
brio a Weight of 500. 

Now the Effort of the Power being thus ten times leſs 
than the Reſiſtance, the Power muſt, in Return, run thro? 
a Space ten times greater than that run over bythe Weight, 
ſince the Weight afcends no faſter than the Point of the 
Surface of the Role aſcends, and the Circumference of the 
Wheel is ten times greater than that of the Role round 
which the Rope is wound. Ihe extreme Points of the 
horizontal Line, which the Rope ſucceſſively ſeizes and 
binds cloſe, are the Meaſure of the Space that the Weight 
runs through. Now at every Point run through by-the 
large Circumference, the Power mult act with the Strengtł- 
of co Pounds, in the ſame Manner as the Weight makes 
the Reſiſtance of 50 Pounds at every Point of the Space 
it rifes through; which renders the Sum of the Eforts of 
the Power equal to the Sum of the Reſiſtance which the 
Weight oppoſes to it. For the Vower neceſſar ly runs thro? 
ten Points whilſt the Reſiſtance runs through one : But the 
Strength of 50 Pounds, ten Times repeated, or multiplied 
by ten, give equally the Product 500, as the Reſiſtance of 
590 Pounds multiplied by one. 

When the Role, inſtead of having a Wheel, 1s only ſup- 
plied with Bars, the Length of theſe Bars will not always 
mea ure the Diſtance from the Prop to the moſt advanta- 
geous Direction of the Power. This only happens, when 
the Direction is perpendicular to that Length or Diſtance; 
as may be ſeen in the Advantage found by one that draws 
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u; Water from a Well, when the Bow which he depreſſes 
to make his Pail aſcend is horizontal, the more the Extre- 
mity of that Bow is depreſſed, the more the Direction ap- 
proaches the Prop. Now the Advantage diminiſhes in 
Proportion as the Direction draws near the Prop: There- 
fore we fee that the Perſon that draws the Water, pulling 
flill harder, and adding often the Impulfion of his Kre: 
on that Bar, to the Motion, he begins to give with his 
two Arms to the next Bar. The Machine we ſpeak of 
can have its Cylinder leaning on a Level, or placed hori- 
zontally, and then it is called a Role. If the Role be 
perpendicular to the Horizon, the Machine is called Draw- 
beam and Capſtane. | 

We not only have Occaſion to remove and 
raiſe Burdens; but when they are arrived at 
the Height deſired, we muſt tranſport them 
from one Place to another, which, according to. the Na- 
ture of the Place, is ſometimes very difficult. The Ma- 
chine has been appropriated to that Ule, by dividing it in 
two Parts, one whereof is a-firm Support or Prop, and the 
other, an Arm to turn round, and equally proper to raiſe 
a Burden to a great Height, and then traniport it by turn- 
ing freely, all Ways, into any Point of the Circumterence 
we want to place it. This Arm, that thus raiſes and 
ſtretches out any Way, like the Neck of a Crane, has 
given the Machine the Name of tha: Bird. 

On the Baſle 1, raiſe a large Beam, kept upright by the 
Props, and terminated in the Form of a Bodkin 4, which 
is the whole Support of the Machine : The other Part, 
Which is moveable, contains, Firſt, the Neck A, furniſhed 
and traverſed in its whole Length with Pins, which ſerve 
as a Ladder to give Acceſs to all the Parts of the Machine; 
Secondly, the Drum C, with its horizontal Beam B; 
Thirdly, the Brace D, and the main Brace E, bored to 
encompaſs the pointed End of the Beam 4, in ſuch a Man- 
ner as to turn round eaſily with the whole Mechanitm, 
whilſt the Support only remains immoveable. The Rope 
unwinds off the Role B, and runs over the Extremities of 
the three Braces D, is brought from thence to the End of 
the Neck A, whence it deſcends to be tied to the Load F. 
It meets in D and A, at the End of each Brace, and ot 
the Neck, with as many Pulleys ; which indeed * 

ug 


The Crane, 
Fig. 18. 
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thing to the Power, but only facilitate the-Paſſage-of the 
Rope, by ſupporting it on movable Points, that.cauſe but 
little Friction; for the Number of Points that rub the Rope 
is but ſmall, and then they part from it every Moment. 
Several Men enter the Drum of the Wheel, and go for- 
ward by aſcending the Inſide of the concave Circumfe- 
rence. Their Weight has almoſt as much Power, as if it 


was ſuſpended in a perpendicular Direction at the End of 


the horizontal Rad us, and by depreſſiug continually every 
Radius, which ſucceed each other in that Situation, they 
raile the oppoſite Radius of the Role. The End of every 
Radius carries up, in aſcending, the Po nt of the Rope that 
lies upon it; and as many new Points as aſcend off the. 
duriace of the Cylinder, ſo many Points does the Load go 
through in aſcending. When it is arrived at the Height 
deſired, the Wheel is ſtopped. This Wheel is like the 
Tail of the Crane, and the End A is as the Bill. The. 
Tail, or poſterior Part of the Crane, cannot be turned one 
way round the Nut 4, but the long Neck and Bill muft 
move with it in a contrary Way: And theſe two Parts be- 
ing in a kind of Equilibrium, the Load will be carried 
round with the Crane that bears it: Then with a few 
Turns of the Wheel, contrary to the preceding, the Load. 
is carried exa cy to the Point deſired. h . 
But what is the Expence of Power required here to raiſe 


the Load? The whole Weight is felt at the extreme Point 


of the horizontal Radius of the Cylinder, or Axle-tree of 
the W.cel B, and the Men in the Cavity of the Tympane 


endeavour to raiſe that Point. If they raiſe it, they raiſe” 


the Weight; if, therefore, the moving Power, and the 
Weight raiſed, are in an inverſe Ratio of the Diſtances of 
their Directions from the Axis, which is the Support, thers 
is Equilibrium. Let us place four Men in the Tympane: 
They may weigh together about 600 Pounds; which fix 
hundred Pounds are as perpeadicularly ſuſpended at-the 
End of the horizontal Radius or Spoke. 

It the End of each horizontal Radius of the great Wheel 
be ſucceſſively lowered in a Direction ſix times more di- 
ſtant from the Axis than the Direction of the Weight, 
thoſe Men will equiponderate a Weight five times ſtronger 
than they; they will be able therefrre to equal and con- 

uer a three thauiand Pound Weight; tor if the Effort 
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which reſults from their Weight, acts on the Wheel at the. 
Diſtance of five. Feet from the Axis, it is the Value of fix 
hundred Pounds, which will a& five times, while the three 
thouſand Pound Weight, at the Diſtance of one Foot from 
the Axis, acts but once; but an Action or Impreſſion of 
three thouſand Pounds is the fame as five Actions or Pre. 
fions of fix hundred Pounds. The Sum of the Efforts made 
by the ſmall Power in the great Tract, is equal to the Sum 
of the Reſiſtances which the great Weight oppoſe to it in 
the ſmall Tract: Whence reſults always this great Prin- 
ciple of Mechanics, 'That when the Power and Weight are 
in an inverſe Ratio of the Spaces over-run, or of the Di- 
ſtances of the Directions from the Prop, there is Equilibri- 
um: And where there is Equilibrium, the leaſt Strength 
fuperadded to it gains the Victory 

; : As the Multiplication of moveable Pulleys 
N N facilitates the Action of the Power, and di- 
g. 1. minithes the Action thereof, the Combinati- 
2: onof teveral Wheels, with their Spindle, can 
produce the ſame Advantage, if a Wheel be driven by the 
Spindle af another. To perform this, the Spindle of the 
firft Wheel, and the Circumference of the ſecond muſt be 
notched. If the Spindle of a Wheel be notched on its Sur- 
face, into ſeveral Curves or Teeth, and the Circumference 
of another Wheel be divided into a certain Number of 
ſemblable Teeth, the 'Feeth of the ſecond Wheel cannot 
be inſerted into the 'Teeth of the Cylinder of the firſt, 
without driving one of them by the Motion of the other. 
The Inſertion of a Wheel into the Curves of a Spindle, is 
what we call Implicating a Wheel. 'The Spindle or Ar- 
bor, thus notched into a certain Number of Teeth, is called 
a Pinion. If the Spind]- be of fome Length, and has, in- 
ſtead of Teeth, a certain Number of Channellings, in the 
Form of Rods, terminat: d by two round Plates, thoſe Rods, 
as well as the Teeth, can receive the Impulfion and Impli- 
cation of the Teeth of a Wheel. Such a Spindle, or Ar- 
bor, changes then its Name of Pinion, into that of Nut or 
Lanthorn. Several Wheels playing thus by the Aſſiſtance 
of a Lanthorn, or Pinions, are what we call Wheel-work. 
The Cylinder of the laſt of thoſe Wheels, thus combined 
together, is without Teeth, 3, and receives the Rope to 
which the Weight to be railed is faſtened. a 


a 4s oa ah. R fd Oo mi. Ok e 


Of Mechanics. 254 
pull wich the Power 5 the Wheel 1: The | | 
Pinion of that Wheel moves, in afcending, Fg. 19. 
on the Side of the Wheel 2. It drives the | 
ſame way the Teeth of the Wheel. This, therefore, to- 

gether with its Pinion, moves, in deſcending on the 

poſite Side, 1. e. towards 3, The Teeth of the Wheel z 
driven by the Deſcent of the Pinion 2, cannot Yefeend on 
the Side 3 without making the contrary Part aſcend, fmce 
it is always the Application of the Principle of the Lever. 
Therefore the Arbor of the Wheel 3 aſcends, and winds: 


up the Weight 4. The Power 5 pulls and afcends, ac- 


cording to its own Direction: The Weight 4, on the con- 


trary, aſcends __—_ its own Dire&ion, with the Advan- 


tage of that difplacmg. Can the Moyer find here any Di- 
minution in the Example of the moving Force, and which 
is the Rule of that Profit ? | 

The Force of the moving Power is to the Weight as the 
Space paſſed over by the Weight, is to the Spaces paſled 
over by the moving Power. If the Reſiſtance, the Weight 
4, has over-run a Fathom, while the moving Power 5 
unrolls a hundred Fathoms off of the Wheel 1, there wilk 
be but one Pound in 5 wanting to make Equilibrium with 
a hundred Pounds in 4. HE, 

The Engineers are at Liberty to multiply the Pieces of 
the Wheel-work, and proportion the Leaves of the Pinions 
to the Teeth of the Wheels, according to the different 
Calculations, and diverſe Advantages they propoſe to them 
ſelves. We will be contented here, to aſſemble three 
Wheels; and give the Pinions of the firſt and ſecond, and 
the Arbor or Spindle of the third, a Radius of 3 Inches; 
to the three Wheels, a Radfus of 30 Inches; and ſixty 
Teeth to the two dented Wheels: By this Proportion will 
be ſuficiently underſtood the Rule which makes the other 
Diſpoſitions ſucceed. | 

It is very true and evident, that the Force of a Pound, 
and ſome Ounces, can wind up a thouſand Pound Weight, 
provided it paſſes over a Space a thouſand times greater 
than that the Weight runs through, and repeats at each 
Point the Effort of one Pound, and a little more, againſt 
the Weight. By that Means the Sum of the Efforts it has 
made in its Way, is found equal to the Sam of the Reſiſt- 
ances, it is what we muſt compute by the Diſpoſition of 
the Wheels, 2, 3, Fig. 19. The 
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The Radu of the Pinions of three Inches being, with 
their Circumfe;ence,. but one tenth of the 30 Inches of the 
Radii of the Wheels and their Circumferences, while the 
Wheel z, and its Arbor, make a whole Revolution, the 
Pinion-of-the Wheel 2, and that Wheel 2 will make ten 
Revolutions. For it will be but after the tenth Revolu- 
tion, that the Pinion 2, which with its fix Teeth cannot 
drive more than fix of the Wheel 3, ſhall end meeting 
with all the Teeth of this laſt ; ten times ſix making up 
ſixty. The Wheel 2, in its ten Revolutions, will have 
exhauſted alſo, in each Revclution, ten times the fix 
Teeth. of the Pinion 1. If to make one Revolution the 
Wheel 2 requires ten in the Wheel 1, this muſt make ten 
times ten, or: a hundred Revolutions, while the W heel 2 
makes ten, and the Wheel 3 one; ſo that if the Power 
was applied on the Pinion of the firſt Wheel, it would pad; 
over a Space a hundred times greater than that over-run 
by the Weight: But as it is applied to the Circumference 
of the. Wheel, which is ten times greater than that of its 
Arbor, it will paſs over a Space ten times greater, and 
conſequently.a thouſand times greater than the Space over- 


run by the Weight, Now the Proportion of the Spaces 
- Over-run eſtabliſhes the inverſe Proportion of the Powers: 


J herefore if the ſmall Power runs a thouſand times ſwiſter 
than the greater, a Child, with the Force of one Pound, 
and ſome more, will raiſe a Tun of Water weighing 
a thouſand Pounds. 
© The Jack The Profitariſing from the Wheel-work, 
N- 26. has engaged Men io make diverie Applicati- 
ons thereof, equally uſeful. Hence all kinds 
of Mills, Jacks, Reels, and other Machines. Oae of the 
molt commodious, and beft contrived for u foreſeen Caſcs 
is the Jack. It conſiſts of a Box two Foot long, ſix Inches 
broad, and four thick, and containing a Wheel-work com- 
Bs of the following Pieces. Noching appears on the 
utſide of the Box but a Handle, which makes an Elbow, 
placed near the Top of one of the large Sides of it, and a 
dented Blade which comes out at the Top. The Handle 
is faſtened, Iuſide, to the Center of a Pinion 1, which has 
but four Teeth, which catch the Teeth cf a Wheel 2, to 
make it turn round That Wheel carries another Pinion 
of four Teeth. An iron Blade 3, dented in the fame Man- 
ner 
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ner throughout the whole Length of one of its Sides, and 
leaning on the Wheel 2, preſents its Teeth to thoſe of the 
Pinion '2. When the Handle and its Pinion play, the 
Wheel and the ſecond Pinion play likewiſe. 

The Coachman of a Stage-Coach, and a Waggoner, 


never fail carrying this Machine along with them, the one 


in his Coach box, and the other in his Waggon. He may 
chance to have in his Coach, Ladies, or other Perſons, 
without Strength and Dexterity. If one of his Wheels hap- 
pens to fink into a Slough, or break, how ſhall he be able 
to lift it up, or make the Axle-tree e iter the Nave of a 


new Wheel, without unloading his Carriage ? He takes 


his Jack, and without any other Help, undertakes, with 
Succeſs, to reſtore the Axle-tree and Carriage to their for- 
mer Situation, either to roll, or receive a new Wheel, if 
it wants one, He places the Foot of the Box on a firm 


Ground, over a ſtrong Piece of Wood: He firit fixes the 


End of the Blade, which is a little hollow, and made in 
the Shape of a Half moon, to that Part of the Axle- tree 
which is the neareſt that which is broke. The Blade can- 
not come out of its little Lodge, without lifting up both 
the Axle-tree and Carriage; becauſe the Handle cannot 
play without lifting up the Blade, and conſequently all the 
reſt, But where ſhall that Man find Strength enough to 
turn the Handle, and conquer ſucha Reſiſtance? He could 
ealily ſupply a Strength equivalent to a ſixty Pound Weight: 
And here he only wants a Strength equivalent to thirty. 
The whole Weight of the Carriage, which we ſuppoſe 
to be two or three thouſand Pounds, reſts, now, on the 
Blade, and 1s felt by the Pinion of the Wheel 2. Let us 
give to the Semi-diameter of the Pinion the tenth Part of 
the Semi-diameter of the Wheel: The Hand of the Power 
applied to the Circumference of the Pinion 2 would bear 
tie whole Weight of the Carriage ; But applied to the 
Circumference of the Wheel 2, he would feel already- 
a Reſiſtance ten times leſs ; and then an Effort equal to the 
tenth Part of the Weight would be ſufficient. But the Hand 
works on the Handie, which is, itſelf, longer than the 
Radius of the Wheel; that Hand, therefore, will not feel. 
there but the tenth Part of the Reſiſtance it would feel ap- 
plied to the Circumference of the Wheel, if the Semi-dia- 
meter of the Pinion 1 be but the tenth Part of the Turn of 
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the Handle: For the Hand on the Handle is ten times 
more diftant from the Point of Support, than is the Cir- 
cumference of the Pinion 1, implicated in the Teeth of 
the Wheel. | 
The Radii of the Pinions being here as the ſmall Arm 
of the Lever, and the Radii, as well of the Handle as of 
the Wheel, making here the Function of the great Arm, 
the Weight which exerciſes a Reſiſtance of a hundred 
Pounds, on the Blade 3, exerciſes but the tenth Part of a 
hundred, or a Reſiſtance of ten' Pounds, on the Teeth of 
the Wheel; and laſtly, the tenth of ten, z, e. one Pound, 
on the Handle: Therefore the Hand of the Carrier h:s 
in this Caſe of a hundred Pounds reſting on the Blade, but 
the Weight of one Pound to conquer, and the Force of one 
Pound to oppoſe to it. If the Reſiſtance be of a thouſand 
Pounds on the Blade, he will conquer it, by making a 
Force of ten Pounds to act on the Handle. He will feel 
but twenty under a two thouſand Weight, and lift up 
three thouſand Weight with thirty, If it was neceſſary 
to double this Effort, and oppoſe to the Reſiſtance a Force 
of ſixty Pounds, he will bring up even above the Level an 
Axle-tree loaded with a fix thouſand Pound Weight. Thus 
the. Wheel, and all that is wanting to it, 1s reſtored ; the 
Jack is put in his Place; the Coachman is neither tired, 
nor in a Heat; he mounts on his Seat, whips his Horſes, 
and the Coach or Carriage rolls. 5 
| Now it we will examine the Reſiſtance of the Weight, 
and the Force of the Agent on the Side of the Spaces over- 
run, we ſhall find that the Hand muſt run a hundred umes 
iwifter than the Blade which lifts up the Carriage. For 
if the Blade 3 lifts up one of its Teeth on a Tooth of the 


Pinion 2, the Space paſſed over by the one is the ſame as 


that paſſed over by the other. But a Tooth of the Wheel 
2 runs ten times ſwifter, or paſſes over a Space ten times 
greater than a Tooth of the Pinion 2. Beſides the Teeth 
of the dented Wheel runs no otherwiſe, than by being 
driven by ſo many Teeth of the Pinion 1; and, if there 
are twenty Teeth at the Circumference of the Wheel, the 
Pinzon will not exhauſt them but by inſerting five times its 
four Teeth into them; while the Cixcumfereuce will make 
a whole Revolution, the Pinion will make five, Now to 
implicate twenty Teeth once, or five times four Tecth, 1 
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is to over-run as much Space on either. Side. Therefore, 


the Spaces over-run by the.Circumference of the Wheel 2 
are equal to thoſe over-run by the Pinion 1. But while 
the Pinion 1 makes five Revolutions, the Handle, which 
is ten times longer, will paſs over a Space ten times great- 
er: therefore the Hand that turns it will run ten times 
ſwifter than the Pinion 1, and the Circumference 2: But 
the Circumference 2 runs ten times ſwifter than the Pi- 
nion 2 and the Blade 3; therefore the Hand over-runs a 


hundred times more Space than the Blade and Weight. It 


is a Neceſſity, that where the Weight makes a Reſiſtance 


of a hundred Pounds on the Extent of an Inch, the Hand 
repeats the Efforts of one Pound in the Extent of a hundred 


Inches. The Sum, therefore, of the Efforts it produces. 
equal the Sum of the Reſiſtances which the Coach oppoles 
in a Tract a hundred times leſs. Whence a Hand, traver- 


ling three thouſand Inches, makes eaſily Equilibrium with 


a Reſiſtance which traverſes thirty; if exerciling eaſily a 
Force of thirty Pounds, which puts it in Equilibrio, with 


a Weight of three thouſand, it adds one Pound, or a {mall 


Effort more to the Action of thirty; it conquers the three 


thouſand ſo far as to raiſe them thirty Inches, or two Feet 
and a half, above the Ground. The Weight will aſcend 


higher, if the Action continues. | | 
The Wheel-work has been happily applied to an infi- 
nity of other Uſes. It is applied to Mill-ſtones, Cylinders, 


and Hammers. It is uſed to grind Corn; to faw Wood, 


or Stone; to pulverize the Matters which enter the Com- 
poſition of Gunpowder ; to bruiſe the Bark of Trees, uſed 
to tan the Leather, and render it impenetrable to Water; 


to pound Plaiſter, to mill Cloth; to pound old Rags, and. 


reduce them into Pap to make Paper of it; to flatten Me- 
tals; to bruiſe the Sugar-canes; and to ſeveral other Uſes. 
The Principle and Succeſſes of the Mechanics are found; 
the ſame in all theſe Inventions ; and though the Structure 


of the Machines be diverfified without End, Man ſhews, 
thereby, {till better the Fecundity of his Views, and the 


inexhauſtible Fund of his Dexterity, which conſiſts, eſpe- 
cally, in huſbanding his Strength, conquering great Ob- 
ſtacles by a weak Action, and making 
the Elements, ſupply his Place. While he minds his do- 


mciic Affairs, or takes his Reſt, an indefatigable Horſe, 
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or the Weight of the Air, or blowing of the Wind, or 
Fall of a running Stream, or even Fire itſelf, drives its 
Pump. He finds, at his Return, or his Pond full, or his 
Corn ground, and ready to be made into Paſte, All the 
Hurly-burly of the great Cities or Towns is reduced to the 
Service of Beaſts and great Machines, which work under 
Man's Orders or Directions, and fur him. 

Two Sorts of Men are employed in theſe Works; v. 
Engineers,, who have the Direction of them; and Handi- 
craftſmen, or Artiſts, who execute them. Engineers are 
not contented with compoſing the Proportions of the Le- 
ver, and Spaces over-run ; they know that all Bodies are 
more or leis rugged, and in the Frictions of the one again 
the other, are found Ups and Downs, Goings out and 
Comings in, or kinds of Jolts; that the Reſiſtance of thoſe 
Inequalities to the Slidings, is like the Reſiſtance of the 
FTeeth of a Saw rubbed againſt thoſe of another; that thoſe 


Shakings are like thoie of the. Aſcents and Deſcents of a- 


Carriage on a bad Pavement; that if theſe Aſcents and 
Peſcents, accumulated in the Extent of a League, are 
found by a like Calculation of the Value of 66 F — of 
a perpendicular Height, which the Horſe would have had 
to conquer; the Frictions therefore are a perpetual Source 
of the Diminutions of Profit in Mechanics. It becomes 
very well the great Maſters, one M. Delidor, for Example, 
to foreſee every thing, to eſtimate every thing, to aſſign, 
preciſely, the Proportions. Gains, and Loſſes. His Hy- 


draulic Architecture ean even put the Reader in the way 


of Invention. 


The Workmen, or Artiſts, have another Merit, vix. 
that of following a Model propoſed, or imitating a known. 


Machine, in taking for a fundamental Maxim of their 
Conduct, that ef finiſhing always with Care and a curious 
Application, what they propoſe to imitate : The only 
Means to give thg Pieces their juſt Quantity of Motion, 
and avoid the Miſtakes which muſt reſult trom the Rough- 
neſs of the Contact. 

Inſtead of a Diſſertation on the Machines moſt in Uſe, 


and the different Tools of Artitts, I. content myſelf with. 


ſending you their Figures, with an Enumeration of their 
principle Pieces. It will be no longer neceſſary to ſhew 


you the Compariſon of four Levers, more than thirty Feet 


each, 
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each, which form the four Wings of a Mill, with a Lever 
of about three Feet ſome few Inches, which are the Radius 
of the Mill-ſtone placed in Equilibrio on its Axis; nor to 
compare the Spaces over-run on either Side. It is the 
ſane Principle every where. | 

In the Execution of moſt of theſe Figures, I have been 
happily aſſuited by the Hand of M. Leander, a Swediſh Ar- 
tilt, and excellent Drawer, ſent by the Court of Stockholm 
to take the Plans of the Manufactures, and other fine Eſta- 
bliſhments in France, which was granted him without Jea- 
louſy or Reſtriction. He has communicated to me nity 
Draughts after Nature, where you will be ſurprized at the 
Choice | have made of the moſt common Machines. They 
are very well contrived ; and we ſeldom care to ſee any 
thing but their Outſide, and even that afar off. | 

The preceding Machines, and a great Number of others, 
draw their principal Succeſs from the Equilibrium found 
between a mall Power and a greater, when the ſmall is 
armed with a long Lever againſt a ſhorter, which ſerves 
as an Agent to the greater. Theſe Powers and Levers are 
not always the ſame, at each Inſtant, in the fame Machine. 
The Percuſſion of the Water on the Ladles, or of the Wind 
on tne Vanes, can change. The Length and Direction of 
the Levers vary often in a-{ingle Revolution. When one 
of tie Lifts of tne Cantiag-wheel begins to meet with the 
End of the Stay of a Peſtle, thoſe two jutting Pieces form 
a Lever. In Proportion as it aicends and moves forwards 
under the Stay, the Line becomes ſtraighter, and the Le- 
ver ſhorter. 'Theretore the Force of the great Lever of the 
Whee! is greater at that Inſtant: The more the Lift and 
Stay continue to aſcend, the more they deviate from the 
right Line and advantageous Situation. The Mechanift 
knows the 70 Pounds which a Cube Foot of Water weighs. 
He knows. whether he gives one or two Cube Feet of. Wa- 
ter, or more, to his Wheel, and what is the Length of 
his Wheel. He eſtimates the Action thereof jointly with 
tne Fall of Water which drives t. He knows alio how 
much a Peſtle weighs, how much the Four which the Cant- 
ing-wheel keeps up: he compares the reciprocal Prop.r- 
tions of the Levers and Powers in all Situations and Cates, 
He knows them, and brings them to his End, e ther b 
preciie Calculations, or repeated Experiments, The En- 
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xerprize of coaquering great Refiſtances, is like a Con. 
queſt which degenerates into Temerity, when we attempt 
it without having foreſeen the Obſtacles, and calculated 
the Expence. 

After the happy Application of the Lever to ſo many 
Machines, which increaſe almoſt without Limits, the 
Power of Man, and the Succeſſes of his Works; here is 
another Means, equally ſimple and equally uſeful in the 
Mechanics, It is the inclined Plane. 

N ES 1. When it is wanted to make a heavy 
5 8 Body aſcend, or to moderate its Deſcent ; if 
„„ it marches in a right Line, without holdin 
to the Ground, its whole Weight mult be ſupported: And 
then the Power muſt be equal or ſuperior to the Reſiſtance 

of the whole, to manage it. 
2. When the Weightis on the Ground, the Line of its 
Fall finds an inſuperable Obſtacle, and cannot deſcend 
lower; it is ſupported, and, as it were, repulſed in a Line 
directly contrary to that of its Gravity. Theſe two Lines 
deſtroy each other, and the Body remains at Reſt. It can 
be taken from it and moved, either on an even Ground, 
or inclined Surface. If we want to move it forwards on 
an horizontal Plane, the Thing 1s eaſy in Proportion as 
this Body is terminated by a great Number of Faces very 
near approaching a round Figure: For leaning but on a 
{mall Surface, and as on a Point, its Weight can be con- 
ceived as a Line which falls directly from the Center of 
the Mais to the Point of Support. The Parts which are 
diſtanced from it on either Side are in a kind of Equilibri- 
um, which can be diſlurbed by a very ſmall Impulſion, 
and the Side which is not touched will give way, to ſeek 
a new Support. That Body will roll: Or if it preſſes the 
Earth with a too great Surface, and cannot be dragged a- 
long but with Frictions which multiply the Rexritances, 
that Body is lifted up on a Chariot; the Wheels where, 
touching the Ground but by ſome Points, facilitate the 
Removal of the Side oppoſite to that of the Impulſion. 
Such is, therefore, the Benefit of ſmall and great Wheels. 
They lend their orbicular Form to Bodies the moſt diſtant 
from that Shape. They diminiſh the Frictions in holding 
to the Ground but by a ſmall Number of Points; and 
forming, on theſe Points, a kind of a perpetual Canes 
| p01 c; 
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Poiſe, they are always ready to obey the firſt Impulſion 
which ſhall determine them on one Side rather than the 


or on the Flight of a Terraſs. In this Caſe, the heavy 


in Part carried off on another Line by the Gravitation 
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other. 

3. Between the Motion.of Bodies which aſcend or de- 
ſend perpendicularly, and the March of the fame Bodies 
tranſported on an horizontal Line, there 1s a third Manner 
of moving, which is to move forwards on a Plane inclined 
to the Horizon; for Example, on the Declivity of a Hill, 


Body is in Part ſupported on a Line by the Ground, and 


which carries it to the Center of the Earth. 

Let us preſs a very ſmooth or even Floor with a Stick 
placed perpendicularly : That Stick remains at Reſt. But 
if we incline it when we lay it on the Floor, it will ſlide, 
and the more it is inchned on the Floor, the leſs Reſiſt- 
ance we ſhall find. The Line of Gravitation which mult 
be imagined from the Center of the Maſſes to the Bottom, 
deſcends perpendicularly on the Horizon. But if it meets 
with an inclined Ground, it becomes oblique to taat 
Ground; therefore it mult either ſlids or roll upon it. A 
heavy Body which flides or rolls on a Declivity, is ſo 
much more ſupported upon it, as the Line of the Ground 
is inclined to the Horizon, and approaches the Perpendi- 
cular. An inclined Ground gives therefore Means to ma- 
nage the moſt heavy Maſſes. Man diſcompoſes dexterouſly 
the Weight thereof. He knows how to make Part of it 
bear on the Ground, reſerving only to himſelf that Part 
which it 1s in his Power to manage. Geometricians do 
not fail following this Diſcompoſition, and exprefling it by 
Lines which leads them to a Rule, as follows: N 

Let a Power, which I call P, keep up the 
Body R of a ſpherical Figure on the Plane Plate IV. 
d H, according to the Direction CMP; Pig. e. 
there will be Equilibrium, if that Power be to the Weight 
as the 2 F D is to the Perpendicular FA: 
f. e. there will be Equilibrium, if the Power and the 
Weight be reciproeally as the Perpendiculars F A, F P, 
5 from the Point of Contact F to the Directions C P, 

F. 

I will have, if poſſible, the Weight R overbalance the 

Power P, and the Center C to deſcend in g, the 3 


„os. xv. 


MP remaining always parallel to itſelf, From the Point 
g, let g N be carried parallel to the Baſe HO: The Cen. 
ter C, in its Fall, wil: have drawn near that Baſe of the 
Quantity CE. U hus the Weight R will have over-run to- 
wards the Center of the Earth, the Value of the Line C E 
according to its Direction, when the Center C ſhall be ar. 
rived in g. Likewiſe if we carry C g perpendicular to the 
Direction e P, the Power P will have over-run the Space 
G g, by acting againſt the Weight according to Directi. 
ons always parallel to CP: For the Power P tends directly 
towards diſtancing the Weight R from the Line G C per. 

endicular to the Direction MP. But ſince the Power P 
15 obliged to yield, it follows, according to the Hypothe. 
ſis, that the Space it will over-run, contrary to its own 
Direction, will be meaſured, when the Center ſhall arrive 
in g, by the Part g G of its Direction MP, included be- 
tween the Center and the Perpendicular C G, or, if you 
will, by its Equal C L. Therefore the Spaces over: run by 
the Power P and the Weight R, are equal to the Lines 
C. L., SE. 

Ihe Direction C MP muſt be prolonged fo far as to 
meet the inclined Plane 8 H at the Point B. The Tri. 
angle g C E is ſemblable to the Triangle E CN, becauſe 
the Triangle g C N being rectangular, the Perpendicular 
C E divides it into two other ſemblable 'T'riangles; having 
N common, and each a right Angle As F D is parallel 
to E N, the Triangle Ct D is ſemblable to the Jriangle 
g CE. Therefore the homologous vides, f. e. which are 
. oppoſed, in it, to equal Angles, are proportional. Therr- 
fore g CistoCF, as CE is to F D. The Hypothenue 
of g CE is to the Hypothenuſe of C F D, as the fall 
Side of g CE is to the imall Side of C FDD. 

Likewile the two Triangles A CF, Lg C, are fem- 

blable : For the Lr. angle L g C, is ſemblable to the 'Iri- 
angle CF B, ſince the Angles in Land in F are right 
Angles ; and, belides, the alternate Angles g CL, C BF}, 
are equal. The 'Triangies then, Lg C, CF B, are fem- 
blable. But the Perpendicular f + divides the rectangu- 
lar I riangle C F B into two other Triangles, alike between 
themſelves, and ſmblable to the great one. Therefore 
the imall Iriangle A C F, being ſemblable to the Triangle 
CF B, is found ſemblable allo to the Triangle Ls GC. 
'L here- 
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Therefore the homologous Sides of the Triangles Lg C 
A C F, are proportional. Therefore g C is to CF, as 
CL is to FA: But we have juſt proved, that g C is to 
CF, as C E is to FD. Conſequently C E is to FD, as 
CL is to F A: or F D is to F A, as CE is to CL. But 
we have ſuppoſed that the Power P is to the bets, cn R, as 
CE is to CL: Therefore the Power and Weight are re- 
ciprocally as the Spaces they over- run, one of them follow- 


ing, and the other againſt its own Direction. Therefore, 


according to what has been ſaid of the Lever, there is 
Equilibrium. | 

If the Direction M of the Power P be p 1 
parallel to the inclined Plane S H, the Space big, 2. F 
which the Weight R did over-run in follow- 
ing the Direction of its Gravity, is alſo equal to C E, and 
that which the Power P did over-run againſt its own Di- 
rection, in moderating the Fall of R, is equal to g C: And 
we will ſhew alſo that theſe Spaces are between themſelves 
as the Perpendiculars FD, F A, carried from the Point of 
Contact F to the Directions C E, and g C MP. Conſe- 
quently the Power and Weight are reciprocally as the 
Spaces over- run. Therefore there is Equilibrium. But the 
Spaces CE, g C, conſtitute with e E a rectangular Triangle 
g CE, ſemblable to the Triangle H 8 O: Therefore, in 
the Caſe of an Action directed parallelwiſe to the Baſe of 
the Plane, the Power is to the Weight as the Altitude 8 O 
15 to the Baſe H O; and there will be Equilibrium. It is 
What happens in the Action of the Wedge. Such are the 
Proofs which Geometry furniſhes us with. Theſe are of 
M. Trabaud, who has treated, in a very clear Manner, of 
the Equilibrium. ; 

We may obſerve, beſides, that in the firſt of theſe three 
Diſpoſitions, the Direction of the Power approaching near- 
er the Perpendicular, than does the inclined Plane, it don't 
recelve from that Plane ſo much Service, as if it was to 
imitate the Inclination thereof, We ſee in the third Diſ- 
poſition of G M P (Fig. 2. Plate IV.) that the Direction 
of the Power approaches nearer the Baſe than does the in- 
clined Plane, and has againſt itſelf the Reſiſtance of the 
Plane, and Gravity. The moſt favourable-Diſpoſition is 
the ſecond, where the Direction of the Power is parallel to 
the Plane, and the Effort of that Pawer diminiſhes with 
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regard to the Weight, as the Length of the Plane increaſes 
with regard to the Altitude. 

But without having Recourſe to the Compariſon of the 
Lines and Triangles to fix that of the Power and Weight, 
Experience has often ſufficed to render ſenſible, and even 
to meaſure the Proportions of the Powers which counter- 
balance each other on an inclined Plane. Our F r. and 


Stair-caſes are nothing elſe but inclined Planes, whoſe In- 


conveniences increaſe in Proportion as they approach a 
Perpendicular. If we want to raiſe a Caſk of Wine on a 
Dray, the Dray is made with an inclined Plane. If we 
want to tranſport a heavy Burden from a lower Ground on 
a higher, it is by joining the two Grounds by Means of a 
Support which runs ſloping ; and the more the Declivity 
is protracted, the greater is the Help, Whence we con- 
clude, by natural Geometry, that the more Ground the 
Power over-runs by making the Weight aſcend a little, the 
more it acts againſt it; or, which is the ſame, that a ſmall 
Power which traverſes a great Space can be equivalent in 
Force to a greater which traverſes but a ſmall one. The 
Carrier who fir.ds himſelf ſtopt by a moving Ground, 
where his Wheels are ſunk as far as to the Axle-tree, does 
not deliberate whether he ſhall ſupport the Weight of his 
Carriage, by drawing it out perpendicularly. His Jack 
has no Hold; and he finds neither in his Arms nor in 
his Levers, any Means ſufficient for the Purpoſe. But 
without Maſters and Calculations, he has recourſe imme- 
diately to his Pick-ax and Spade : He removes the Ground 
from before the Jants of his Wheels, and opens two ſmooth 
Declivities. The further off he opens them, and approach- 
ing a Level by their Length, the eaſier the Wheels are dil- 
engaged or treed from the Obſtacle. The laſt Example 
will make us underſtand quite how the Meaſure of this 
Help is fixed. 

We want to carry Cannons of three thouſand Pounds 
Weight, or more, into a Citadel built on a Plain at the 
Height of thirty F. thoms, and fituated, on one Side, on 
ſtecp Rocks, and on a Declivity on the other. This 
Ground may be very ſteep; for Example, of 40 vr 45 
Fathoms in Length, by zo in Height; or there may be 
Road which has ſeveral Windings, and makes up, by that 


Means, the Value of too or 150 Fathoms. Or it will „ 
0 
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of ſuch an Extent, as to render it naturally very acceſſible, 
for Example, of three hundred Fathoms always by thirty 
in Height; or of 500, or 4000. In all theſe Diſpoſitt- 
ons, muſt be conquered, firſt, the horizontal Diſtance from 
the Place whence the Cannon 1s tranſported to the Foot of 
the Citadel ; and ſecondly, the Height of thirty Fathoms 
to bring it to its Point, and place it in Batteries, Three 
Horſes can ſuffice to carry, ſlowly, a three thouſand. Pound 
Weight in an horizontal Line: There needs more or leſs 


Help or Succours to conquer the 3o vertical Fathoms ac- 


cording to the diverſe Diſpoſitions of the inclined Ground. 
In the firſt, which is of thirty Fathoms Declivity by 30 
of Height, it would be ſooner done to raiſe the Cannon 
with Pulleys and Engines, than to drag it over the ſteep 
Ground. In the ſecond, where the Road is lengthened 
into Ziczacs, we ſhall be obliged to add, to the uſual Num- 
ber of Horſes, which would be ſufficient on the Plain, the 
Succours of three or four more. On a Declivity of two 
hundred Fathoms, or longer, we ſhall want ſucceſſivcly 
but two, or even one additional Horſe. Laſtly, on a 
Ground which will be of two, three, or four thouſand 
Fathoms, compared to thirty vertical ones where the Can- 
non 1s to be carried, each partial Elevation which the 
Horſes gain on the vertical Line from one Pace to the 
other, is ſo inſignificant, and coſts them ſo few Iifforts, 
that that long Declivity does not differ ſenſibly from the 
horizontal Line; and in this laſt Diſpoſition, the ſame 
Number of Horſes which ſerve on the Plain, will ſerve on 
the inclined Plane. On this is founded this new Principle 
of Mechanics; That the Reſiſtauce diminiſhes ewith rigard to 
the Poaver, as the Length of the inclined Plane increajes with 
regard to the vertical Height 3 or, which is agreeable to 
the Principle of the Lever, that the Powers which act on 
an inclined Plane, are reciprocally between themſelves, as 
the Spaces they over-run ; one of them according to its 
own Direction, and the other againſt its own Direction. 
The ſame Advantage is found, with the fame Propor- 
tion, in the Uſe of the Wedge uſed to cleave Wood, or 
any other Matter. The Wedge is nothing elſe but an in- 
cined Plane. The Percuſſion which drives it, is but a 
ſtrong Preſſion. The Diſtention of the Borders of the 
Aperture anſwers to the vertical Height, and the Inwo- 


N 2 tue Lon 


* 
— — RE 
— — 2 


3 
: 7%. — — — —ͤ— — —— à— 
4 " 


+. uM 


- — 22 hag 


W — — —— — ä 
-4 i N 2 * 
— : - - — 
, L —_— — 
y py, < 4 — —— 
. -* 


—— 


4 


—— — p , III 
N 1 — - : 


268 DIALOGUE XIV. 


duction of the Wedge into the Wood anſwers to the Length 
of the Plane. The greater the Inſinuation and the ſmall; 
the Aperture are, the leſs Reſiſtance is felt by the Arm. 

The fame Principle is verified in the Uſe of Knives, 
Pins, Hatches, and all that enters with violence into wht 
we want to ſeparate or cleave. 


It is found in the Screw, which is alſo an 


The Screw. inclined Plane, and leaning round a Cylin- 
Plate IV. 
. der. There are two Sorts of Screws: Ihe 


interior Screw, which has its Spirals or Fur- 


rows in Relievo: The exterior Screw, which has its Spiral 


concave to receive the interior. The firſt is properly called 
Screw, and the ſecond, Nut; to it is added the Uſe of the 
Lever. The Cylinder is driven, with its Spirals, in the 
Manner of the Axle - tree of a Hand-mill; and in Propor- 
tion as the Spirals of the Screw enter the Nut obliquely, 
the Cylinder conquers, by Degrees, ſome Points in the 
vertical Height, raiſes what is a-top, and preſſes perpen- 
dicularly what is underneath. The more theſe Spirals are 
inclined, and near one another, there is leſs Height to be 
conquered at each Inſtant. It is a Conveniency like that 
found at one's Arrival on a Terraſs extremely exalted, in 
turning on the Windings of ſo eaſy an Aſcent, that it dit- 
fers very little from an horizontal Line. In the Fligut 
and Screw the Fatigue of raiſing a Weight, or one's own 
Body, to a certain Height, increaſes in Prcportion as we 
want to diminiſn the Length; what we want to gain on 
Time is loſt on the Forces; and Man has much more In- 
tereſt to manage his Forces than his Time. 

Though the Frictions are great in the Uſe of the Screw 
and Nut, in Proportion as the Surfaces which touch one 
another are long, that Diſedvantage, which is as an 11- 


_ creaſe of Length or Reſiſtance, is repaired or moder ted, 


firſt by che perfect Conformity of the Height or Diameter 
of the interior and exterior Spirals in their whole Extent; 
ſecondly, by the Length given to the Lever which makes 
the Cylinder aſcend or deſcend : The Valuation of the ver- 
vice of this Machine reſults from the Compariſon of the 
Spaces over-run by the Cylinder and Lever. 'The Powe 
is in an inverſe Ratio of thoſe Spaces, the Frictions {ct i- 
part. The End of the Lever, and the Power applied to 
it, trace a circular Line, which can be untolded and * 
duce 
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duced to a right one; the Lever, which is the Radius of 
mat Circle, making a fixt Part thereof, and a little more. 
If the Compaſs made by the Screw and Reſiſtance in a per- 
pendicular Line is the hundredth Part of the Compaſs 
made by the Lever, the Power of a Pound, applied to the 
Lever, will lift up a Reſiſtance of the Value of a hundred 
Pounds applied to the Cylinder, or make it deſcend, Such 
is the Meaſure of the Succours found, though with une- 
qual Makes, in the Printing-Preſs; in the Calender's Preſs; 
in the little Preſs-houſes, where, with the Aſſiſtance of a 
long Lever, the Head of a ſtrong Screw is lowered on a 
Heap of Grapes or Olives, which are to be ſqueezed. 

I have ſaid, that this Calculation would be croſſed by 
ſome Miſ-reckoning in the Execution; not becauſe we do 
not know the preciſe Proportion of the circular with the 
right Line; our Method of reducing the Circumterence of 
the Circle to three Diameters and ſome Points, being very 
near ſufficient for the Uſes of Life; but becauſe there 1s 
in moſt Machines, and eſpecially in this, unequal Frictions, 
which deprive us of Part of our Hopes; but Man is pretty 
well off, if endeavouring to conquer with one Pound of 
Force a Reſiſtance of an hundred Pounds, he conquers but 
one of twenty-four. His Labour is yet much more to- be 
valued if he has foreſeen the Waſte, 

Beſides the Friction of the Nut, the Screw has this In- 
convenience, that its Uſe is confined to the Aſcent and 
Deſcent of the Cylinder, and that Cylinder having but a 
very little Height, cannot lift up Burdens ſo high, nor 
work at a great Diſtance. There has been found a Screw 
which has none of theſe Inconveniences, and its Benefit 
has been increafed in ſuch a Manner, that it appears like 
a kind of Prodigy, when the Wheel-work is joined with 
it. This Machine is called Endleſs Screw. 

In the Screw with a Nut, one entire Revo- 
lution of the Handle moves the Cylinder for- ens * 

- x crew, Plate 
wards the Interval of one Spiral to another IV. Fg. 4. 
Spiral; and the nearer the Spirals are one 
another, the eaſier it is managed, becauſe of the Superio- 
rity of the Space traverſed by the Lever over the Space 
traverſed by the Cylinder. In an endleſs Screw the Cylin- 
cer turns without going forwards or backwards; but a 
Wheel, whoſe Plane is parallel to the Cylinder, or whoſe 
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Axis is perpendicular to the Axis of the Screw, oppoſes its 
Teeth to the Spirals of the Screw. Theſe Spirals turning 
with the Cylinder drive the Teeth inſerted in them, and 
ſlip from them, to meet them again by a perpetual Rota- 
tion. The firſt Advantage of this Machine conſiſts in the 
Companion of .the Space over-run by the Handle, more 
or lets long, and the Space which parts one Spiral from 
the other. The ſecond Advantage reſults from the Com- 
pariſon of the Radius of the Wheel with the Radius of the 
Roller B, where the Weight A 15 faſtened. Let us ſuppoſe 
an Interval between two Spirals to be as 1, and the Cir- 
cumference of one Turn of the Handle as 100. Let us 
ſuppoſe the Radius of the Roller to be 1, and the Radius 
of the Wheel 5, i. e. five times as long as that of the Rol- 
ler: The Radius of the Roller muſt be multiphed by the 
Interval which 1s between two Spirals; and the Radius of 
the Wheel multiplied by the Circumference deſcribed by 
the Handle m one Revolution : The Proportion of the 
Power and Weight will be equal to the Proportion found 
between the two Products. For if the Power, for Exam- 
ple, your Hand, was immediately applied to the Point C 
of the Wheel (P.aze IV. Fig. 4.) your Action would be to 
the Weight A as the Radius of the Roller is to the Radius 
of the Wheel. If the Radius of the Roller is the fifth Part 
of the Radius of the Wheel, it ſuffices that the Effort of 
your Hand, applied to the Circumference of the Wheel on 
the Teeth C, be the fifth Part of the Effort of the Weight 
A. But if inſtead of conquering that Reſiſtance by the 
Application of your Hand in C, you drive in C the Spi- 
rals of an Endleſs Screw, you acquire a Force much ſupe- 
rior to the preceding one, Your Strength is now to the 
Reſiſtance, which it feels in C, as the Intervals which ſe- 
parate two Paces of the Spiral Thread.“ is to the Circum- 


* It is indifferent whether the Pewer draws againſt an inclined 
Plane, or the inclined Plane drives the Power, All partial Actions 
of the Points of a Spiral againſt the Teeth. oppoſed to it, are perpen- 
dicular to the Height of the inclined Plane, and parallel to the Baſe, 
But we have ſeen above, that when the Direction of the Power, 28 
G M P, was parallel to the Baſe, the Power was to the Weight as 
the Height to the Baſe, Here, it is the Revolution of the Cylinder 
which is the Baſe z and the Interval of one Spiral to the other which 
exprelies the Height of the Plane, 
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ference deſcribed by your Hand applied to the End of the 
Handle. If the Interval between two Spirals is but the 
hundredth Part of the Circumfetence deſcribed, it will be 
enough if your Hand makes an Effort of the hundredth 
Part of the Reſiſtance found in C. But the Reſiſtance found 
in C is, as we have ſeen already, but the fifth Part of the 
Ponderoſity of the Weight A. Therefore it ſuſnces that 
the Effort of your Hand be the hundredth Part of the fiith 
of the Weight A; or that that Effort be to the Weight A, 
as 1 Pound is to 500. But theſe Numbers are, one the 
Product of the Radius 1, which is the Radius of the Rol- 
ler; and the other the Product of the Radius 5, which is 
the Radius of the Wheel, multiplied by the Circ:mterence 
100, the Compaſs of the Handle compared to the Interval 
of two Spirals. One by one gives one, and five by a hun- 
dred gives five hundred. Therefore the Power is to the 
Weight as the Product of the Radius of the Roller, and of 
an Interval between two Spirals is to the Product of the 
Radius of the Wheel and of the Circumſerence deſcribed 
by the Handle of the Screw. This ſecond Advantage of 
the Endleſs Screw can be increaſed by the Multiplication 
of the Wheels, by lengthening the Handle, and by all Sorts 
of favourable Proportions. | 

The third Advantage of this Machine is, that it can act 
at very great Diſtances. The Wheels combined with the 
Endleſs Screw have their Axis and Roller, round which a 
Rope or Cable can ſpin, which will draw an enormous 
Weight, and from as great a Diſtance as you will deſire. 

The Endleſs Screw, we ſee fo proper to manage the 
great Weights which are to be tranſported, is no leſs uſe- 
tul to manage thoſe whoſe Fall we want to moderate, We 
find the Idea thereof in the common Jack ; whoſe chief 
Uſe, after that of expoſing, with Uniformity, to the Fire 
all the Sides of a Piece of Meat, is to lengthen the Service 
of the Weight by the Delay of its Fall. This Weight fol- 
lows the Slowneſs of the firſt Wheel, which accelerates the 
Motion of the ſecond, becauſe this makes as many Revo- 
lutions as a Pinion does in exhauſting all the Teeth of the 
firſt. Thus the Celerity increaſes from Wheel to Wheel 
by the Inſertion of as many Pinions. All the Impetuoſity 
ot this Acceleration lies on an Endleſs Screw, which mo- 


derates it, and is itſelf Nlackened in its Rapidity by two 
N 4 or 
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or four Iron Arms, which load the Cylinder of the Screw, 
and reſiſt the Motion of the Cylinder in Proportion of their 
Length, and to the Maſs of Lead their Ends are loaded 
with, | 

The Screw or inclined Plane, which incompaſs a Cylin. 
der, has taken other Forms of great Utility in the com. 
mon Uſes of Life. If the End of the Cylinder be fhar- 
pened, that Screw becomes a Gimbletor a Turrel. But if 
the ſame Inſtrument be made ever ſo little broader, it forms 
a Wedge of a very bad Uſe, wich ſplits Boards, and dil- 
orders every thing. The Spirals of this Inſtrument have 
alſo been made ſharp or cutting, and its Cylinder hollow 
a-top, in the Shape of a Spoon, ſo that the Parts of the 
Wood, whoſe Place is ſupplied by the Body of the Inſtru- 
ment, are no longer forced to contract themſelves to give 
way to the Body of the Screw. All theſe Parts ſlip thro' 
the Aperture of the Spoon, and no longer increaſe the Re- 
ſiſtance. Such is the Diſpoſition of the Wimbles, Augers, 
Sc. We always find in them the inverſe Proportion of 
the Powers to the Spaces over- run: So that the Strength of 
the Hands which pierce a very hard Wood, wants only to 
be to the Refiſtance, as the Progreſs of the Screw into the 
Wood is to the Length of the Arms of the Auger. 

This Proportion of the Forces to the Spaces over- run is 
found alſo in the Counterpoiſe of Liquors, Meſſ. Paſcal, 
Mariotte, and Belider, are thoſe among us who have ex- 
plained with greateſt Accuracy and Succeſs, the Principles 
of the Static of Liquids, and Waſte of Water in all the 
Uſes which can be made of it: But this Part of the Ma- 
thematics, in which ſo great Progreſſes have been made, 
is yet ſubject, in ſeveral Articles, to various Diſputes. We 
diſcover daily, in it, new Reaſons to act with Circum- 
ſpection; and the beſt: verſed in thoſe Matters have the 
Frudence not to attempt the greateit Enterpriſes till after 
they have, by repeated Experiments, made themſelves ſure 
of Succeſs. 

To the preceding Examples, whereby you ſee fſufi- 
ciently, what Sort of Learning puts Man in Poſleſhon 
of his Demeine; I'll add but one more, to acquaint my- 
lelf of my Promite: Which is that of the Penetration 
wherewith Optictans have obſerved the Proceſſes of 
Light in its different Falls, and, in Conſequence _— 
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of, regulated the Inſtruments, which multiply its diffe- 
rent Ules. | 


Of Orr1cs. 


* 


DIALOGUE XV. 


1 T us begin by the Method of Opticians; we will 
come afterwards to the Benefits reaped from it. 
Light falling on Surfaces which it cannot penetrate, ana 
paſing through Bodies which tranſmit it from one Surface 
to another, is ſuſceptible of various Changes. Opake Bo- 
dies beat it back or reflect it, at leaſt in Part; and dia- 
phanous Bodies do not ſuffer it to paſs otherwiſe than in 
bending the Line it followed, or diverting it out of its 
rectilineal Courſe. The Inflections it receives, either in 
breaking in tranſparent Bodies, or reflecting on the opake, 
are ſo many Angles, The Accuracy of the Remarks of 


Optics on the Effects of theſe Changes, depend entirely on 


tae Knowledge of the Angles formed by the Rays in their 
different Inflections, or Bendiugs. Szellius and Deſcartes 
have, better than any body elſe, determined the Value of 
theſe Angles, by inſcribing them in their Circles, the 
b-tter to judge of an unknown Angle by the Aſſiſtance of 
its Arch and Sine, or other known Lines; but more par- 
ticularly to eſtabliſn in all Caſes a conſtant and ailignat le 
Dilfereace between the Angle of Incidence and that of 
Reficition, By placing an Angle in a Circle, it may be 
kaown ; and to compare it with another, we malt employ 
the Knowledge of the Radius, and that of the Sine, Lan- 
gent, or Secant. Or we mult be contented with conf.der- 
zug the Lines formed by the Rays and Surfaces, to twuxe 
among them ſemblable I'riangles, whete correſponding 
Sides may be pat in a Proportion: So that the Knowledge 
ab levera} Sides, or iteeral Angies, helps towards the Dit- 
z ery of ths vide or Augle wich remained hid. d Aud 
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whether we approve of ſemblable Triangles, or employ 
the Help of Sines, or other ſubfidiary Lines, it is moſt 
commonly the Practice to proceed by the Rule of Three, 
or of Proportion; the Uſe thereof is of ſo great an Ex- 
tent, not only in Optics, but alſo in all the Applications 
which can be made of Meaſures and moving Forces, that 
we cannot help conſidering Proportion as one of the moſt 
perfect Inſtruments of the Knowledge of Man. 

Proportion 15 a Combination of ſeveral Ratio's compared 
together. The Proportion of a Line with another Line, 
cr a Number with another Number, is what we call Ra- 
tio; the Ratio of 6 to 12, is to be half of 12: The Ra- 
tio of a Line of 6 Inches to a Line of 18, is to be found 
3 Times in it. In the Ratioof 6 to 18, the firſt Term 6 
15 the Antecedent of the Ratio; and the ſecond Term 18, 
15 the Conſequent. 

We not only compare an Antecedent with a Conſequent, 
but the Ratio or Proportion of the one to the other is alſo 
uſefully compared with the Proportion of two other Terms 
conſidered at the Rate, one, of a ſecond Antecedent, the 
ether, of a ſecond Conſequent. For Example, 2 is half 
4, as z is half 6: 1 is to 3, as 6 is to 18, Here the firſt 
Antecedent is 1, its Conſequent is 3; the ſecond Antece- 
dent is 6, its Conſequent is 18. 

The Compariſon made of the Proportion, which is be- 
tween two Terms, with the Ratio found the ſame between 
two others, is therefore what we call Proportion: And 
this Compariſon is moſt commonly compoſed of four diffe- 
rent Terms, which are the two Extremes, and the two 
Mediums. In this Proportion 1 is to 3, as 6 is to 18; 
1 and 18 are the Extremes; and 3 and 6 the Mediums. 

Ofter the Proportion ſubſiſts with three Terms only; 
vecauſe the Conſequent of the firſt Ratio can be repeated, 
and become the Antecedent of the ſecond ; it is called 
then a Mean proportional: As 2 is to 4, what 4 is to 8; 
the Term 4 is the Mean proportional, and is repeated, be- 
cauſe 2 is half 4, as 4 is half 8: 11s to 11, what 11 18 
to 1213 becauſe as Unity is repeated eleven Times in Ele- 
ven, likewiſe Eleven is repeated eleven Times in 121. 
Eleven, therefore, is here the Mean proportional, ſince It 
enters by Turns the two Proportions compared together. 
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There are ſeveral Manners of ordering Pro- 
ortions, which all have their Application 
and Utility. Let us conſider only the moſt 
important Property of Proportion, and the 
great Uſe made of it. The particular Property of Propor- 
tion conſiſts in, that the Product of the Extremes multi- 


Property of 
the Propor- 
tion. 


you by one another, is the ſame as the Product of the 


eans multiplied by one another. In this Proportion, 2 
is to 4, as 3 is to 6; the Extremes 2 and 6, being multi- 


plied by one another, the Product is 12; and the Means 


and 3, being multiplied by one another, give alto 12 
* a Product: — it is the ſame to multiply 2 by the 
Double of 3, as to multiply 3 by the Double of 2: Like- 
wiſe if we ſay, 2 is to 4, as 4 to 8, we find that 2, the 
firſt Term, multiplied by 8, which is the other Extreme, 
produces the ſame Sum as 4 by 4, which 1s the Mean on 
portional; it is 16 on either Side; becauſe it is the ſame 
to double the Double of four, as to quadruplicate the 
Double of two. 

This Equality of the Product of the Ex- 


tremes with the Product of the Means being The Uſe of 


infallible, the great Advantage which has TOE 


reſulted from this Obſervation, is to aſſemble the three 
firſt Terms of a Proportion, and oblige the fourth, though 
unknown, to diſcover itſelf. If three of my Servants have 
eat this Year 80 Buſhels of Corn, hoy many Buſhels will 
twelve of them eat the next Year? 3 is to 80 as 1215 to a 
fourth Term, which I ſearch, and I muft find it. For 
having multiplied both Means one by the other, viz. 12 


by 80, I find 960. But if the Product of the Mediums 


be the ſame, what muſt be that of 4 multiplied by the 
Number which is to come? As 80 is found 12 Times, or 
twelve 80 Times in 960; therefore the Number of Times 
PII find 3 in this Product mult be the fourth Term I ſearch : 
Which will be infallible, if that fourth Term multiplied 
by 3, which is the firſt Extrerie, give the ſame Product 
as the Means give. I ſearch, theretore, how many Times 

in 950; I find it 320 Times. But 320, multiplied by 


3 
1 give the ſame Product 960: Therefore 320 is the fourth 


erm unknown brought to Light. 
This Operation, Which is the ſame in the Compariſon 
ef Numbers, Maguizudes, and Forces, 1s called, you know, 
N 6 Golden 
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Golden Rule, by Reaſon of the Value of its Productions. 
When there are ſeveral Proportions to be made, the Ex- 
preſſion or Sign thereof, can be abridged by writing them 
in this Manner, 1, 3 :: 6, 18. 3, 80:: 12, 320. And 
when a Mean proportional is employed in it, it muſt be 
wro.e thus: :: 25, 50, 100, inſtead of 25, 50 :: 50, 
ICO. | 

Let us ſee how Opticians work the Proportion to ſup- 
port their Aſſertions. We will take for Examples, two 
Proportions only. One whereby the Opticians teach to de- 
termine all Sorts of Altitudes, with the Aſſiſtance of a Mir- 
rour ; the other, whereby they explain why Bodies, moved 
wich the greateſt Rapidity, appear at Reſt, 

1, By ſuppoſing the Equality of the Angle of Reflexion 
with that of Incidence *, they eſtabliſh a very ſimple and 
intelligible Rule to judge at once of the Alticude or Height 
of a Steeple, or Top of a Tree, by the Inſpection of a 
Mirrour. Take, ſay they, a Pocket Looking-plaſs or 
Mirrour, and put it on the Ground at the Place where you 
begin to ſee the Height of the Tower or Croſs, whoſe 
Elevation you ſe:tch. When by moving the Mirrour for— 
wards or backwards, you arrive at the Point, 


To meaſure a where from your own Height you perceive 


Height by the 


28 the Weather-Cock, leave the Mirrour hori- 
imple Suc- : 
ccurs of a Mir- Zontally on the Ground, and reckon the Di- 
tour. Plate ſtance between your Feet and the Mirrour, 


XV. Fig. 1. then that between the Mirrour and the Foot 
of the Tower. Conceive or trace three perpendicular 
Lines, and ſeparated by as many ſmall proportional Parts, 
as you have found Feet in theſe two Diſtances. 1. A Line 
which we will call h, and is the Height of the Obſerver ; 
2, the Perpendicular p to the Point of Incidence; 3. the 
indefinite Height of the Tower H. They are all three 
parallel, From the Height of the Obſerver h, carry a 
Line to the Incidence p: It is the reflected Ray. Carry 
another Line under the ſame Angle from p to ſuch a Point 
of the indefinite H, as it will be able to reach; this will 
be the incident Ray. Now this Incident Ray II p, makes 
with the Line H and the Perpendicularp, two equal Angles, 
fince they are alternate between Parallels. It makes, alſo, 
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as many in its Reflexion between the Perpendicular p and 
the Height of the Obſerver h. The Angle G is a right 
Angle in the great Triangle; and the Angle d is a right 
Angle in the ſmall Triangle. The Angle G and the Angle 
d being each of go Degrees, beſides the Angles H and h 
being equal on either Side, it is neceſſary that each Tri- 
angle ſhould end its Equality with two right Angles, by 
the Equality of the two remaining Angles D and p: There- 
fore the great and ſmall Triangles are ſemblable, there- 
fore their Sides can be compared together, and the corre- 
ſponding Sides will be found proportional. From the Eye 
of the Obſerver h to the Horizon, let us reckon five Feet. 
From the Line of the Obſerver to the Incidence p, let us 
reckon the ſmall Diſtance of two Feet. Let us ſuppoſe, 
though the Figure be too ſmall to allow here a juſt Mea- 
{ure, that from the Incidence where the Weather-cock is 
ſeen in the Point p, we have found 70 Feet to the Tower: 
By putting theſe three firſt Terms in a Proportion, we mult 
find the fourth, which will expreſs the Height of the Wea- 
ther- cock. | | | 
Therefore we will fay : As two Feet ſmall Diftance are 
to five Feet, the Height of the Eye, thus 70 Feet great 
Diſtance are to a fourth unknown. Meaſure H, the Height 
of the Weather-cock, Let us multiply the Means 5 and 
70 one by the other; the Product is 350. In this Product 
how many Times the firſt Term 2? 175 Times. The 
firſt Term 2 multiplied by 17 FE gives the ſame Product as 
thetw o Means, vix. 350. e have therefore the fourth 
Term of the Proportion; and the Weather- cock of the Py- 
ramid is infallibly at an hundred and fixty-five Feet from 
the Ground. Thus, without any other- Preparation but 
that of a common Looking-glaſs, and a Figure traced in 
the Duſt, we can, almoſt in an Inſtant, determine all 
Heights whoſe Foot is acceſſible. | | 
2. Let us add another Example of the Cer- h, and 
tainty which accompanies the Aſſertions of and 
Optics. A Body, fay the Opticians, will ap- who move : 
pear at Reſt from a Second to a Second, with with Celerity 
whatever Celcrity it turns round us, if the 2 at 
Space it runs over in the Interval of one Se- ſt, Fig a. 
cond, be to the Diſtance it is found at, with regard to us, 


but as an imperceptible Tangent with Compariſon to the 
total dine. | Let 


= DH1HALOGUE XY, 


Let the Radius, which is the ſame Thing as the total 
Sine, R; the Tangent, T; the Secant, which terminates 
it, S. The Space run over by a Body in Motion, is to the 
Diſtance from this Body to the Eye, as the Tangent is to 
the Radius or total Sine. Now the Radius being ſuppoſed 
of ten Millions of equal Parts, and the Tangent run over 
in the Interval of one Second being ſuppoſed of ſeven hun- 
dred twenty-ſeven Parts only, this Tangent is an inſenſible 
Space: The Secant in this Caſe is not yet ſeparated for the 
Eye from the Radius: Therefore the Body which has run 
over, though with a great Celerity, all that Tangent, does 
not appear removed in the Interval of two Seconds, and 
ſeems always actually at Reſt. The Removal of the Body 
does not become 1enjible, but by the opening of the Angle 
beyond that Meaſure we have juſt marked. For Example, 
the Tranſport or Removal of the Body in Motion will be 
perceived, when the Secant which carries it will be re- 
moved into V. 

Aſtronomy proves the Truth of this Proportion “, aud 
fixes the Opening to be given to the Angle to render it ſen- 
ſible. A heavenly Body in running over, in 24 Hours, 
the 360 Degrees of its diurnal Revolution, runs over 1; 
Seconds of a Degree in the Interval of a Second of Time. 
But that Space, though very great in itſelf, becomes im- 
perceptible and as null, when compared with the Diſtance 
of the heavenly Body from our Eyes: It is as a Tangent 
of 727 Parts compared to a Radius or total Sine of ten 
Millions. Such is, by Calculation, the Proportion found 
between the Space run over from Second to Second by a 
heavenly Body, and the Diſtance of that heavenly Body. 
But, in Fact, that Space is inſenſible; and as the heavenly 
Body, in the Interval of two Seconds, over-runs no more 
than fifteen Seconds of a Degree, it always appears actually 
at Reſt, Therefore it 1s the ſame with any Body in Mo- 
tion, and perceived in the ſame Proportion, If the Space 
run over be to the Diſtance of the Eye but as 727 to ten 
Millions, it is the ſame Proportion as that of 1 to 1375. 
It is, as it were, a Nothing before a great Reality. A 
Motion ſeen under ſuch Circumſtances is therefore imper- 
ceptible. 


® Father Regnaut, Mathew, Conyesſat. 
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In this Manner Opticians have taken the Pains to juſtify 
all they have propoſed. Theſe Demonſtrations are found 
in the Works of Dechalles, Molineux, Mus/henbrock, Father 
Regnault, Ic. But as in uſing the Proportions found be- 
tween the Sines, Secants, and 'I'angents, theſe learned Ma- 
thematicians have ſuppoſed the Tables thereof ready made, 
without making them - themſelves ; we can, without any 
Riſk, leave them all the Calculations, and be contented 
with their beſt Leſſons, They are agreeable Truths, and 
uſeful Inſtruments. 

Light is the Object of Optics. We feel confuſedly the 
Preſence of Light, when ſome of its Rays, thrown at Ran- 
dom and without Order, enter our Eyes. We ſee a diſtinct 
Form when the Particles of Light, which enter our Eyes, 
are diſpoſed in them from their Extremities, in the ſame 
Order with the Points of the luminous Body whence they 
flow, or the Points of the opake Body which has reflected 
them, We are going to ſee, in a Sequel of Propoſitions, 
how this 1s executed. 

1. Luminous Bodies, like ſonorous ones, The Procref 
carry their Action all ways in the Sphere they f Light, 
are environed with, and the Surfaces, which 
Light meet with, reflect it, like Sound. 

2. Light, like Sound, whatever Part it throws itſelf in- 
to, carries its Action on right Lines, 

3. It is becauſe the Lines of Sound and Light are right, 
and do not decline ſidewiſe, that you are ſure, by oppoſing 
to them ſuch or ſuch Surface, to infle&t them, and make 
them take a new Road, but always a dire& one, and to 
bring the Echo or Light to ſuch or ſuch a Point. 

4. This is the firſt Foundation of Optics and Acouſtics, 

5. If the Horn which a Hunter ſounds on this Side a 
Mountain is heard in a Valley beyond it; if in a great 
Wind you hear the Sound of a Bell, which you ſcarcely 
could hear before, it is becauſe the Lines of the Sound of 
that Horn have been inflected at the meeting of a Wood, 
a Wall, a Rock, a thicker Air, one or two Leaves of a 
Tree, oppoſed obliquely to it ; and one of theſe Lines ar- 
nves, from Inflection to Inflection, as far as into the Ears, 
whither its former Road did not lead it. The Air heaped 
up by the Wind becomes a Surface capable to throw o- 
bliquely, and in a greater Quantity, Lines of _ os 

| laces 
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Places where they were not to be felt at firſt, becauſe they 
had arrived in them too much diverged or weakened, or 
had not arrived at all. Likewiſe, it a Trace of Light, 
which cuts the Air between ſeveral Clouds, or traverſes a 


dark Room, is ſeen ſidewiſe, it is becauſe thoſe Spaces are 


full of Vapours, or of Pulviſculæ, maſlive enough to reflect 
laterally ſome Particles of theſe luminous Traces. They 
were not for you, and by that ſight Reflexion you are in- 
formed of their Paſſage. _ | 

6. All theſe Lines of Light are confined within their 
Principles, and their Action is ſtrong in Proportion to their 
Denſity. The greater the Sphere is they traverſe after- 
wards, the more Room they gain, and their Action is 
weakened in Proportion to their Divergency, 

7. The Rule of the Diminution of Light 1s in an in- 
verſe Ratio of the Square of the Diſtance. If you take a 
Globe and cut it in two Halves, you have in each Half 
the Surface or Plane of the greateſt Circle. In this Sur- 
face take a Portion included between two Radii and an 
Arch, and traverſe this Sector by a Radius divided into 
three equal Parts, to trace upon 1t as many Arches : This 
Sector, and conſequently the whole Surface or Plan of the 
great Circle, will increaſe like the Square'of the Radius, 
In a the Square of the Radius of one Foot, multiplied by 
5 02. FA b the Square of 2, multiplied. by 2, 1s 4. 
In c the Square of 3, by 3, is 9. Farther off, the Ra- 
dius of 4 Feet would give 16; of 5, would give 25, and 
ſo in the Sequel. The Ratio of the Decreaſe of Light is 


inverſe of the Square of Diſtance: And if after having 


meaſured the Diſtance of the Hole of a dark Room, as 
far as to the Wall, you preſent at the Aperture a lighted 
Candle in a ſmall Box, you will perceive that the Light re- 
ceived at one Foot from the Hole-on a Sheet of Paper 1s 
very ſtrong ; that at two Feet from the Hole it diminiſhes, 
not by Half, but by a Quadruple, 2 having 4 for a Square; 
that thus its Diminutions are like the Squares of Increaſes 
of the Diſtance, fo that where the Square of the Radius 18 
4, it is four Times leſs than it was at firſt ; where the 
Square of the Radius is q, it is, then, but a ninth Part of 
what it was at firſt; and at four, five, or fix Feet, it 18 
but a ſixteenth, twenty-fiſth, or thirty-ſixth Part of what 
it was in coming out of the luminous Body. 
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8. When, on the contrary, the Rays of Light, inſtead 
of diverging, converge, and incline towards the ſame Point 
in coming out as from the Baſe of a Cone to reach the 
Top, they grow ſtronger in Proportion as they approach 
the common Point where they are to be re-united, and the 
Increaſe of their Strength is ſtill in our inverſe Ratio of the 
Square of Diſtance ; z. e. that Light goes then increaſing, 
as the Square of Diſtance goes RE; ſo that the 
converging Light is 4, 9, 16, 25 Times ſtronger, where 
the Diſtance with — to the ſame Point is found 4, 9, 
16, 25 Times ſmaller than before. 


Of ſeveral Rays falling from the ſame luminous Bo—-— 


dy, the moſt direct, according to the two preceding Re- 
marks, is the moſt active: For it is denſer ſince it is ſhort- 
er. On the contrary, the obliquous protracting themſelves 


more and more, are alſo more and more diverged and ex- 


tenuated. Thus Europe, being conſidered as a long Sur- 


face, the Light of the Sun is ſhorter and more active on 


Spain and Italy, than on France ; more on France than on 


England and Holland; more on this, than on Sede and 


Lapony. 
10. It is but a ſimple Divergency which weakens Light 


in the lengthening of the Obliquity; the Intervention of 


rellecting Bodies puts it more and more out of its Road. A 
Vapour blunts its Vivacity: It ſhakes, or ſeems agitated, 
like the Corpuſcles which traverſe it; and a Fog can 
thicken ſo far as to impede entirely its natural Fall. Care 


has been taken to ſtudy the March of Light, to direct it 


to our Advantage. 
11, We call Radiant Point, any Point The Radiant 
whence diverging Rays proceed. Point, 
12. Wecall Focus the Point of Concourſe The Focus. 
where the convergent Rays concur or meet. 8 
13, In a dark Room, and quite ſhut to . 
Light, you can contrive in the Window a The Image of 
narrow Aperture, on a Plan parallel to that the Sun in a 
of the Sun : There will be found two Cones dark Nam. 
of Light oppoſite to the Vertex ; one compoſed of Rays of 
Light proceeding from the Borders of the Sun, as far as to 
the Aperture; the other compoſed of the ſame Rays, which 
from the Point of Concourſe, where they interſect each 
other, enter the Room in diverging by Degrees, and fol- 
- low 
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low in it a Road contrary to the preceding one, after they 
have croſſed each other. Cut this laſt Cone, by oppoſing 
a Paſteboard to it. If you oppoſe it parallel to the Plan cf 
the Sun, you'il perceive on it the Image of the Sun, or the 
Baſe of the Cone perfectly circular. If the Paſte-board 
cuts croſs-wiſe, and without any regard to the Aſpect of 
the Sun, this ſmall Cone of Light, you'll ſee on the Paſte. 
board the ſame Image, but irregular and lengthened: 
Theſe are two Conic Sections. Let us underſtand ourſelves, 
This ſmall Pencil of Rays, which from its Point, placed 
at the Aperture of the Window, grows always wider and 
wider, is like a Sugar-loaf. Cut that Loaf fo as all the 
Points of your Slice be equally diſtant from the Point or 
Top, it is a perfect Round. Take off a Quarter of the 
Loat by cutting it ſloping, it is an Oval. 

14. That Image of the Sun appears inverted, becauſe 
the Ray which proceeds from the upper Part of the Sun, 
deſcends into the Room on the Paper or | aſte-board; and 
that Ray which proceeds from the lower Part of the Sun, 
aſcends. That which comes from the Right to the Aper- 
ture of the Window, croſſes that which comes from the 
Left, and purſuing their March into the Room, they are 
all found on the Image, in a Situation contrary to the pre- 
ceding one, 

15. It is for the ſame Reaſon, that if you leave but a 
ſmall Aperture at the Window, you'll ſee the Objects of 
the Street painted on the oppoſite Wall; but the Picture is 
inverted, becauſe the Ray that comes from the Threſhold 
of the Houſe, which is over-againſt your Windows, reaches 
the Top of the Image ; the Ray which comes from the 
Top of the Houſe reaches the lower Part thereof; that 
which comes from the Right to the Hole, paſſes on the 
Left of the Figure; and thus of the others. This Image 
is weak, becauſe a Multitude of other Rays reflected by 
the neighbouring Objects, and forming other weaker 
Images on the Side of this, traverſe it, and render it 
cloudy. We will ſee how it can be rendered more perfect, 
by diſſipating thoſe ſuperfluous or foreign Rays, with the 
Aſſiſtance of a lenticular Glaſs, which diſperſes the ſupet- 
fluous, and approximates the good Rays. 

16, In the Image of the Sun, taken with Care, one 
can obſerve the Spots of the Sun, ſee their Progreſſes, and 

| Removals 
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Removals at different Days, reckon how much Time elap- 
ſes between the Moment wheu a Spot diſappears, in paſſing 
under an Edge of the Sun, and that when it appears again 
on the oppoſite Edge. Thus we can know how many 
Days and Hours the Sun takes in its Revolution round 1t- 
ſelt, We can compare the Cone which extends from the 
Image to the Aperture, with the Cone which extends from 
the Aperture to the Diſk of the Sun, We now put in a 
Proportion the Semi-diameter of the Image, its Diſtance 
from the Window, the Diſtance of the Window from the 
Sun: And by theſe three firſt Terms, which we pretend 
to know, arrive to a fourth, which is the Semi-diameter 
of the Sun. The Semi-diameter known, gives the Sur- 
face of the great Circle, and the Circumference. This 
will lead you as far as the Solidity. Vou will be able to 
know, within a ſmall Matter, how many Cube Feet of 
Matter the Sun contains. This Image can alſo ſerve to 
ſomething much more uſeful. It is divided into ſmall 
Parts very well numbered, and on theſe Lines are meaſured, 
with great Accuracy, the Entrance of the Shadow of the 
Earth on the Diſk of the Sun, in an Eclipſe; the Progreſs 
of the Shadow, the Duration of its Paſſage, and the very 
Moment the Sun appears entirely freed from it. The Dif- 
ference of the Hours when the ſame Event was obſerved 
at different Places, fhews greatly by how much the Place 


of one Obſerver is more Eaſt than that of another, and 


ſerves to perfect Geography. 

17. When a Ray of Light falls from a 
Medium on another Medium, for Example, The Reflexion, 
from the Air on a Maſs of Cryſtal, or the | 
Surface of Water; there are Caſes where that Light is re- 
flected whole; and others, where it is reflected in Part, 
and in Part received in the new Medium. | 

18. What falls perpendicularly on a Surface and reflects 
upon 1t, raiſes along the ſame Perpendicular which has di- 
rected its Fall. 

19. The Part of the luminous Beam which reflects on 
a Surface as E, after an oblique Fall, raiſes in the ſame 
Obliquity. Fig. 4. | 

20. The Angle, made by an oblique Ray 


of Light with the Perpendicular, is the Angle The Angle: of 
of Incidence I, 7 . e Angle Incidence. 


21. The 


— 
r 
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ON. 21, The Angle, made by the Line of Re. 
1 5 pulſion with the ſame — 1s the 
| Angle of Reflexion R. 
22. The Angle of Reflexion is always equal to the Angle 
of Incidence, | Y 
23. The Ray, or Part of the luminous Beam which pe- 
netrates perpendicularly out of a Medium into another, 
traverſes the Second at the Perpendicular, and without In- 
flection, either by paſſing out of a rarer Medium into 2 
denſer; as out of Air into Cryſtal, or out of a denſer Me. 
dium into a rarer, as out of Water into Air, and out of 2 
thicker Air into a rarer. 
24. If the Ray arrives obliquely on the 
The Refrac= Surface of the new Medium N M. which it 
done. Div enters, it Ceclines from its firſt Directions, 
N and is inflected either by approaching the 
Perpendicular, or deflecting from it. It makes with the 
Line, perpendicular to the Surface of the Medium where 
it is received, an Angle, ſmaller or greater than that of 
Incidence, according to the Nature of the Mediums. It 
is called Angle of Refraction. R, Fig. 5. is 
* Angle of an Angle of Refraction, ſmaller than that of 
raQtion, ie E 
ncidence I. | 
25. The Line of Incidence I, prolonged in the new 
Medium, makes with the Line of Refraction R, a ſmall 
Differential Angle D, called Differential Angle; becauſe 


Angle, it ſhews in what the Angle of Refraction R 
differs from the Angle of Incidence 1. 
Value of the 26. When the Ray I paſſes out of a rari- 


Angles of Re- fied Medium, ſuch as Air, in the new denſer 
fraction ac- Medium N M, ſuch as Water or Glaſs, it 
cording to the makes an Inflexion when it approaches the 
Ann Perpendicular, and an Angle of Refraction 
R ſmaller than that of its Incidence I. 

27. When, on the contrary, the Ray, for Example R, 
being reflected from an Object which is in Water in R, 
paſſes into a new Medium leſs denſe than the Air, it breaks 
according to the Line I in deflecting from the Perpendicu- 
lar. Thus it makes in the Air the Angle of Refraction I 
greater than R, of the Quantity of the Wal Angle D. 

28. By the exact Compariſon which the moſt celebra 
Opticians have taken Care to make of the Sines of a — 

Agles, 
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Angles, we have been rendered capable to eſtabliſh a con- 
{tant Proportion between the Angle of Incidence and that 
of Refraction, out of one Medium into another. Thus 
the Ray which paſſes out of Air into Glaſs, breaks in it 
under an Angle, which is, with regard to that of Inci- 
dence, as 2 to 3. And then the Differential Angle is Half, 
or almoſt Half the Angle of Refraction, and a Third of 
the Angle of Incidence. At the a, out of Air into 
Water, the Ray is leſs infleQed, the Differential Angle 
ſmaller, and the Angle of Refraction a little greater than 
in Glaſs. This is to the Differential Angle as 3 to 1: 
The Angle of Incidence is to the Angle of Refraction in 
Water as 4 to 3: Therefore it is to the Differential Angle 
as 4 to 1. Since the Angle of Incidence, which is equi- 
valent to the Angle of Refraction and to the Differential 
Angle together, contains, neceſſarily, 3 and 1, by Com- 
pariſon with the two others. If, on the contrary, the 
Ray paſſes out of Glaſs or Water into Air, it makes in the 
rarer Medium an Angle of Refraction, which has of Sur- 
plus what it had leſs in the denſer Medium. 
29. The Courſe which Light followed in paſſing out of 
a rarer Medium into a denſer, 1s the contrary of the Courſe 
it follows in repaſſing out of a denſer into a rarer. The 
Refraction in the firſt Caſe being in the ſecond the Line of 
Incidence; likewiſe, what was the Line of Incidence in 
the firſt Paſſage, becomes the Line of Refraction in the 
lecond, 
Zo. The Angle of Refraction is great in Proportion as 
the Angle of Incidence is great, and they are both dimi- 
niſhed alike. 

31. Several have very ſeriouſly pretended, and even ge- 
ometrically explained the Cauſe of theſe Proceſſes of Light, 
by a certain attractive Virtue, which they ſuppoſe inherent 
in the Surface of the moſt maſſive Mediums, to that when 
the Light enters it obliquely, the Direction of its Obliquity 
15 inflected by the Attraction. Light plunges itſelf more 
into it, than it would have done in following its firſt Di- 
reclion, and ſinks when it approachas the Perpendicular: 
Whereas, when it comes out of the maſſive Element, to 
enter another rarer, and which has leſs Attraction, the 
Ray defletts from the Perpendicular, and inclines always 
towards the attractive Surface. 


This 
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This is called 1 a Thing in a Place, and ſaying 
0 


afterwards, that it was found there. The Geometry add- 


ed to it proves nothing more. The Courſe of planetary 


Influences could be calculated and meaſured. Theſe ſame 
Influences could be put in a compromiſe with the local Vir. 
tues, which would be attractive in one Place, and repulſive 
in another. The Syſtem could be embelliſhed by chang. 
ing, beyond certain Lines, the Attractions into Repulſions, 
and then imagine that we explain the whole Nature. Ge- 
ometry countenances all Sorts of Suppoſitions, and puts in 
Order what it a” 3 but does not demonſtrate any Re- 
ality. It is neceſſary enough to obſerve, that Light in its 
Inflections, when it paſſes out of a Medium into another, 
follows a Rule contrary to that of other Bodies. A Leaden 
Bullet, or a Stone obliquely hurled into Water, enters it, 
defieQting from the Perpendicular, and comes out of it, in 
approaching it in the Air. It deflects from the maſlive 
and attractive Body. What becomes here of Attraction? 
2. 'This Proportion of the Angle of Incidence, and of 
that of Refraction once known and determined, ſome In- 
equalities excepted, which happen when the Angles in- 
creaſe much, ſuffices to foreſee what will become of the 
Rays of Light, or how they will be inflected in different 
Mediums, without ſearching for Cauſe thereof, one that 
1s hid, 
The Paſſage 
of Light into 
a plane Glaſs, 


33. The tranſparent Bodies which Light 
traverſes can be 1 or ſpherical, or plane 
and convex, or plane and concave, or other- 
wiſe. Let us remember that we call radiant 
Point, that Point whence the Rays proceed which diverge; 
and Focus, th t towards which they converge. 
34. The Light in paſſing obliquely from 
Fig. 6. above the Object V through the Plane P P, 
which is a Lamina, or Plate of Cryſtal, is 
inflected when it enters it and approaches the Perpendicu- 
lar. It makes an Angle ſmaller than that of Incidence: 
But in returning into the Ar, on the other Side, it de- 
flects from the Perpendicular; and the Line of Refraction 
in the Air, coming towards the Eye O makes on the Cry- 
ſtal an Angle equal to that of Incidence V. Therefore 
theſe two Lines are parallel: And if ſeveral oblique Rays 
are parallel between themſelves while they enter, 9 
WI 
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will be parallel in all their Refractions, and anſwer their 
firſt Para leliſm in coming out. But if the Line, whereby 
the Eye O perceives the Object, were prolonged, it would 
go into A, not into V. And though the Object be in V 
the true Place, the Eye ſees it a little aſide, through the 
Line O A, in the apparent Place A. The plane Glaſs 
makes therefore a ſmall Variation in the Sight of Objects; 
notwithſtanding which, it removes them but a little, be- 
cauſe all thoſe Lines of Light reaſſume, in coming out, 
the ſame Diſpoſition they had among them beſore their 
Entrance into the plane Glaſs. 

35. On the plane Surface of a plane con- 
vex Glaſs P C, Fig. 7. let fall the perpen- The Axis. 
dicular Ray A, and its Parallel P. The 
Ray A, by Propoſition 22, paſſes out of Air into the Glaſs, 
and out of the Glaſs into Air without Inflection. Opti- 
cians give it the Name of Axis, becauſe it is as unmove- 
able, while the other Rays turn, and change Place round 
it. The Parallel PP following the ſame Direction in 
the plane Side, receives there no Inflection. But in paf- 
ling into Air at its coming out of the convex Side, it con- 
curs obliquely with the Perpendicular drawn from the Cen- 
ter CC. By Propoſition 27, if it ſhould enter the Glaſs 
obliquely, it would approach the Perpendicular by one 
Third of the Angle of Incidence repreſented by the Angle 
at the Vertex I. And by Propoſition 28, it would defle&t 
from it, here, by as much. The Differcntial Angle D 
leads the broken Ray into R, where it concurs with the 
other Ray A, at a Diſtance from the convex Glaſs, which 
1s found to be worth a Diameter of the Convexity, or 
double the Radius drawn from the Center C C. 

36. It follows from this Propoſition, and the 28th, that 
if the Ray R takes the oblique Road R D, of the Diſtanee 
of a Diameter of the plane convex Glaſs, while it enters 
through the convex Side, it will make, in entring, a leſs 
Angle with the Perpendicular, will become parallel to the 
Ray A, and come out perpendicularly to the Air to go in- 
to P P, without ceaſing being parallel to the Axis or per- 
pendicular Ray A. 

37. If the parallel Ray P, falling on a plane Convex 
on the convex Side, Fig. 8. makes an Angle of Incidence 
with the Perpendicular drawn from the Center C; it ap- 


Froaches 
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proaches ſtill more while it enters the Glaſs, and make; 
with it a ſmaller Angle. If it followed the ſame Line in 
coming out of the Glaſs, it would go to re-unite itſelf to 
the perpendicular Ray A in r, at a Diameter and a half 
Diſtance from the Convexity. But it breaks anew at itz 
Arrival into the Air. It deflects from the Perpendicular p, 
more than it is inclined towards r, and is reunited with 
the Ray A in R, a Diameter Diſtance with regard to the 
Convexity. 

38. In 2 of what we have ſaid here, a Ray 
proceeding the Diſtance of a Diameter R, and arriving on 
= plane dide, will come out parallel through the convex 
| $1 Ce 3 2 4 
39. When the Glaſs is plano-Convex, we find by the 
Meaſure of the Angles of Incidence and Refraction, that 
Light, whether it enters through the Plane or Convex, 
whether it preſents itſelf by parallel Rays, or tends towards 
it by Rays diverging the Diſtance of a Diameter; the 
Rays following very near the ſame reſpective Roads on both 
Sides the plane Convex. | 

40. The advantageous Sallies of Light out of the plano 
Convex, conſiſt either in going towards the Eye by parallel 
Rays, or tending towards 1t at the Diſtance of a Diameter 
by converging Rays. There are a great many Rays va- 
riouſly oblique, and which could either reſort to the Cen- 
ter, or gather together beyond it, or even become very 
diverging, But as theſe Directions are not found proper 
to form clean Images in the Eve, it is needleſs to ſeck at- 
ter them. _ 

1 We call a Lenticular Glaſs, or Spherule, 
Glas. that which is terminated by two Portions of 

a Sphere, as L, Fig. g. The Ray we have 
called Axis, and which occupies the Middle of the Faſci- 
culus of Rays ſuppoſed to fall on the Ferule, traverſes it 
without Alteration or Inflection, when it goes directly to 
the Center. The other Rays are oblique, either parallel 
when they do not tend towards the Center, or all oblique 
with regard to the Convexity. Therefore they will be all 
broke 1n it twice, once in entring, the other in coming 
out of it, and always according to the Rule of Propoſition 
27. 'Therefore it will be no longer neceſſary to trace to 


you, in the Figures, the Perpendicular which regulate 
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each Reflexion, nor the ſurd Lines which expreſs the 
March which each Ray would take, if it continued its 
Courſe; that Multiplicity of Lines occaſioning a great 
Confuſion. a 

42. The parallel Rays PP falling on a Spherule, L, 
Fig. 9, are broke in it twice, and have the Center C for 
a Focus 

43. Therefore by Propoſition 28, the diverging Rays 
proceeding from the Center of the Convexity C, come out 
parallel as P P. | 1 : 

44. Thoſe which are very diverging, in proceeding, 
for Example, from the radiant Point D between the Len- 
til, and one of the Centers of the Convexity c, become 
leſs diverging when they come out as 8 S. 

45. Therefore thoſe which enter it converging as 8 8, 
will converge ſtill more at their coming out, and concur 
towards D. 

46. In a Word, the radiant Point being on this Si'e 
tie Center towards D, the Rays come out diverging 8 8. 
Tf it is at the Center in c or in C; they come out paral- 
lelP P, If, on one Side, it be more diſtant than the 
Center Cor c, they will converge more or leſs beyond 
tie oppoſite Center, 

47. All the Points of Objects are ſo many radiant Points, 
They have each their own proper Poſition ; they have al 
ſo each their proper Focus. Hence that Confuſion of 
Images which deſtroy one another in the Eye, by offering 
to it a Lentil beyond the Point proper to gather in a good 
. Rays capable to form in it a vivid and preciſe 

mage. | 

48. The Ray P parallel. to the Axis A, _ 

Fig. io. paſting through a tranſparent Sphere 2 

15 broke twice, and arrives in 4, which is : 

one fourth, or thereabout, of the Diameter of the Sphere. 
For Þ by its firſt Direction prolonged would arrive in I: 
By Its ſecond Direction 2, prolonged, would arrive in 3: 
By its new Refraction in Air it arrives in 4. 

49. Does the Point of Concourſe, which is very near 
the Fourth of a Diameter at the Diſtance of the tanſpa- 
tent Sphere, become a radiant Point? The Rays will 
come out parallel. If the radiant Point approaches more 
the Sphere of Cryſtal, they will diverge in comiag out. 
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If the radiant Point draws back, they may become Paral. 
lel in the Sphere, and come out converging, and the more 
it will draw back, the more they will converge, 

50. The great Effect of tranſparent Spheres and Sphe. 
rules, 15 to pather the diſperſed Rays. On the contrar 
the Effect of concave Glaſſes is to diſperſe the Rays paral. 
lel or converging ; it is the Effect of the ſimple Concaye, 
And the Effect is ſtronger if the Glaſs be concave on both 
Sides, See in the Figure 11, what becomes of the Paral. 
lel P P, and Divergings D. 

51. In other Glaſſes, as plane Concave, in the Miniſci 
or Lunulz, one Side whereof is convex, the other con. 
cave, &c, Nothing elſe is required every where, but to 
apply to each Fall of the Ray on a Surface, the Difference 
known, which muſt arrive always between the Angle of 
Refraction, and that of Incidence. 

52. What paſſes in our Eyes is but a per- 
The Viſion. petual Application of the ſame Rule, which 
in our Works, is a pure Imitation of the 

Rule of the Creator. 

Remember what has been ſaid“, of the three Chambers 
which divide the Eye. The firſt is full of an Humour 
called aqueous, denſer than Air. The ſecond is the Cry- 
ſtalline, a ſmall lenticular Body, denſer than the aqueous 
Humour, and terminated by two Portions of a Sphere, the 
anterior whereof is flatter, the ulterior more bent and 
lengthened; and the third full of a Liquor called impro- 
perly the vitreous Humour, fince far from having the Den- 
tity of Glaſs, it is much lighter and more rarefied than 
the cryſtalline Subſtance. When you know the Proportion 
of the three Humours of the Eye; you want nothing more 
than to ſee in a Figure which repreſents them, what re- 
IE gular and conſtant Changes muſt happen in a 
8 W Pencil of Rays, in conducting it from one 

1 Point of the Object into the Air, from the 
Air into the Eye, and from Room to Room to the Bottom 
of it. If you place, in Thought, on the exterior Curva- 
ture of each Room or Chamber of the Eye, a Perpendicu- 
lar tending towards the Center of that Curvature, you 
will perceive that the two laſt Rays, which we may be 


* Vol, IV, Dialogue vill. 
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contented to conſider among all thoſe which compoſe a Pen- 
cil of Rays, in paſſing out of Air into the aqueous Humour, 
will approach already a little, and afterwards ſtill more in 
the Cryſtalline, ſince they fink into thoſe two Chambers, 
by making each Time a ſmaller Angle with the Perpendi- 
cular. 'They make it greater, afterwards, by receding 
from it, in the vitreous Humour, which leads them to the 
Point of Union on the Bottom of the Eye; and all Pencils 
thus directed by the Refractions they are ſubject to in the 
Eye, have each their proper Focus on the Bottom of the 
Organ. From theſe Foci or Points of Re- union difpoſed 
on the Bottom of the Eye, as are the Points of the Object 
whence the Pencils proceed, reſults that Image which the 
Mind perceives erect and ſingle, though it is double like 
the Organ, and inverted on the Fund of the Eye. 

53, One Thing which appears to contribute moſt to- 
wards rendering the Image clear and true, is the ciliary 
Ligaments found proper by their Diſtentions, Contractions, 
and other Motions of all kinds, to flatten, lengthen, and 
preſent different ways the Cryſtalline which they ſupport, 
which modifies the Rays from one Inſtant to the other, re- 
aſſembles them ſooner or later, and facilitates the Exact- 
neſs of the Images according to the Deſires of the Soul, 
though without any Knowledge on its Part. 

54. The moſt celebrated Anatomiſts, and others learn- 
ed, are divided on divers curious Queſtions, which you 
may undertake to explain by yourſelf, after you have 
formed a juſt Notion of the firſt Thing neceſſary for the 
Purpoſe. Therefore : 

That there are Images painted on the Fund of the Eye, 
15 certain; but the Diſpute is on the Scat of that Image; 
lome pretending that it is drawn on the Retina; others on 
different Fibrillæ. The radiant Crowns which luminous 
Bodies appear to be environed with, eſpecially when we 
wink, proceed from the Manner ſeveral Rays fall on the 
Edges of the Eye-lids, and are carried into the Eye, at the 
Extremities of the Image. But the Manner the Thing is 
executed 1s diſputed. M. Rohault believes that theſe Rays 
are reflected on the gloſſy String which terminates the Eye- 
lids, and ſend back thoſe Rays from Bottom to Top, and 
from Top to Bottom, in the Eye, when the Eye-lids ap- 
proach one another, M. de la Hire pretends this is not 
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done by Reflexion, but by Refraction; becauſe the Eye. 
lids cloſed by winking fill up the Vacuity which parts 
them from the Eye, and form as a tringular Priſm, the 
Inemal and Liquors whereof give a Paſſage to ſome Rays, 
and break them in ſuch a Manner as to carry them to the 
Extremities of the Image traced in the Eye. 

Such are ſeveral other Queſtions made on the Means we 
have to judge of the Diſtance of Objects; in which there 
remains yet ſome Obſcurity. 

55. We are miſtaken, perhaps, in the Party we eſpouſe 
on theſe Queſtions of Optics, by attributing to a ſingle 
Cauſe what is the Effect of ſeveral cencuriing ones. Hae 
are ſome of thoie which influence moſt the Manner of our 
being affected at the Sight of Objects. 

1. Objects, wh fe Images are very luminous and clean, 
appear to us nearer. 2. They appear more remote in 
Proportion as the Lineaments are weakened or dimmed. 
3. From each Object arrives on our Eye a Maſs of Rays, 
which forms as an Angle, or rather a Cone, the Bate 
whereof is on the Surface of the Object, and the Vertex at 
the Entrance of the Eye of the SpeQator. Theſe converg- 
ing Rays diverge in the Eye, and become a new Triangle 
or Cone, whoſe Vertex 1s at the Entrance of the Eye, and 
the Bale on the Fund of the Eye. This is not contrary to 
waat we have ſaid of the Pencils; which proceeding from 
each Foint of the Object, grow larger and cover the Whole 
Pupil: then are re- aſiembled again in another Focus, and 
form alſo a ſingle Point in the ocular Image. We conli- 
der no longer, here, all theſe Pencils together, but each 
apart as a ſingle Line. Of the whole Maſs of Pencil 
picceeding from the Points of the Object, we make, at 
pieſent, but one conic Pencil of right Lines, which inter- 
1 ct esch other at the Entrance of the Eye, where they 
form of their Extremities the ſeveral Points of an inverted 
Image, and exactly conform to its Model, fince all thete 
i'ncs of Pencils are fo many Foci, diſpoſed amorg them- 
ſelves like the Points of the Cbject. Whence it follows, 
that the greater is the Image, the Object is molt common- 
ly greater: It is what'Cpticians mean when they ſay, the 
ObjeR, ſeen under an Angle gꝛeater thai, tne och r, ap- 
pezis greater: This is tle Found: tion of the Diminutions 
0: Lerifective. 4. It ſeems that orr Judgment has a 5 
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Part in the Manner we ſee Diſtances and Diminutions, 
While we are ſenſible that Objedts are extremely enlight- 
ened and very near us, an Angle, either ſmaller or great- 
er, is not our Rule. Several Perſons of the fame Height, 
appear equally tall, though at an unequal Diſtance in the 
fame Room. A Window we ſee entire thro' a Pane of 
Glass of our Apartment, appears larger than that Pane of 
Glaſs, whoſe ocular Angle contains, notwithſtanding, that 
of tne Window. We believe we ſee a Cord drawn acrot; 
a Room diſtant from us, the Window whereof is open; 
then viewing with more Attention our Caſement, we 
perceive the Thread of a Cob-web which croſſes its open- 
ing. That Thread carried by the Thought into an Apart. 
ment a hundred Paces diſtant, was a Cord; ſeen where it 
is, without minding the other Window, it is an almoſt 
imperceptible Thread. 5. The Pupil contracts or dilates 
ittelf, as much as it is needful. The Images traced in the 
Eye more or leſs large, change the Impreſſion of the Ob- 
ject. A ſmall Hole, made with a Needle or Pin in a Pa- 
per, hinders the Rays of the Weather-cock of a Church 
from ſtriking the whole Papil of our Eye, and the Image 
thereof diminiſhes, at once, by one halt or three Quarters, 
The want of Light in the Dark, dilates ſo much the Pu- 
pil, that the magnified and confuſed Images we ſee, point 
tae Objects much bigger, and ſometimes frightful. When 
the Sun or Moon are near the Horizon, their Light is 
dimmed by the Interpoſition of a long Track of Vapours 
between them and the Eye. The Eye affected with a ſoft 
Light dilates the Pupil, which muſt render the Image big- 
ger than when the Planet clears up in its Elevation. It 
muſt, on the contrary, appear ſmaller in the Teleſcope, 
becauſe the Diaphragm of the Inſtrument- contracts the 
Image, which a ſmall Hole made with a Needle on a Pa- 
per, would ſtill contract much more. 6. Habit, Expe- 
nence, and the Concurrence of the other Senſes, contri- 
bute much towards making us eſtabliſh Order and Corre&- 
nels in diſtinguiſhing the reſpective Diſtances of Objects. 
Children, for this Reaſon, appear to ſee them, but very 
confuſedly. All was in Confuſion, when a young Eng- 
/i/mran, of 14 Years of Age, born blind, began to ſee in 
1729, after he was cured by the Dexterity of M. Che- 
O 3 ſelden, 
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ſelden *, who made on him the Operation of the Cata. 


ract. 
55. The Refractions of Light in the Hu- 
The Catoptrie mours of the Eye, and different Mediums 
* 2 m which receive it, produce Eſſects, the Re- 
ſearch whereof is called Dioptric. The Ef. 
ſes of Light reflected by poliſhed Surfaces give Room to 
another Conſideration called Catoptric, 

57. As the conſtant Proportion of the Angle of Re. 
fraction with the Angle of Incidence is the Foundation 
of Dioptric; the Equality of the Angle of Reflection with 
the Angle of Incidence is the firſt Foundation of Ca- 
toptric. | - 

58. All Bodies in Motion preſerve their Direction till a 
ſuperior Action weakens or deſtroys the preceding one. 
Ihus Light darted from a luminous Body, or reflected on 
an opake one, preſerves its Diſpoſiticn, üll it be diſſipated 
or otherwiſe inflected by Surfaces otherwiſe diſpoſed : 
Whence it follows, that every Eye which ſhall receive in 
its Fund the Imprefſion of a Number of Capillaments of 
Light ranged by their End as the Points of the opake er 
luminous Object which has directed them, will conſe- 
quently ſee that Object. 

59. That Eye will ſee the ſame Object ſo many times 
as a Maſs of luminous Capillaments ſhall ſtrike it in the 
ſame Order. 

60. According to the Abundance of Rays, and their 
long or ſhort Continuance in the ſame Order, the Image 
will be ſtrong or weak, clear or cloudy. 

61. 'Thus Rays which come immediately from the Sun, 
or Light of a Candle into my Eye, are diſpoſed in it like 
thoſe Bodies; for I have not only the Senſation of the 
Light, but likewiſe that of the Sun and Candle. 

62. The Rays of the Sun or Candle reflected by the 
ſmall Surfaces which are without Number on each Object, 
are diſperſed like theſe Surfaces, and returning no more 
10 our Eyes in the ſame Order, ſhow no more the Candle 
or Sun. 


* Philoſophical Tranſactions abridged by Eames and Martyr. 
63. The 
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63. The Rays reflected on Objects ſhow thoſe Objects to 
us, when diſpoſed in the Eye in a ſufficient Number, and 
in an Order reſembling enough the Picture of the Object 
which has reflected — From them, 

64. The Rays proceeding from a Pendulum, and car- 
ried on the Picture of M. Paſcal, or M. de Fenelon, are re- 
Reed all Ways on the Inequalities without Number of 


theſe two Pictures. The Contrivance of the Pendulum is 


diſpoſed for the Eye, and receives, from the two Canvaſ- 
ſes, Maſſes or Groups of Rays diſpoſed in Order like the 
Features of theſe two, the greateſt Genius's of the laſt 
Century. 

65. Are the Rays which proceed from the Pendulum 
and the neighbouring Candle carried on the Glaſs of a Pa- 
ſtel? Then, according to the Situations in which I place 
myſelf, I ſee the Pendulum, Candle, Glaſs, and Paſtel ; 
the Flame of the Candle ftrongly, the Paſtel neat:y, the 
Glaſs and Pendulum weakly. Whence proceed thele Di:- 
ferences? The Image of the Flame is ſtrong, becauſe it 
is a luminous Body which emits many Rays. That of the 
Paſtel is neat, becauſe it communicates its own Order to a 
great Quantity of reflected Light. The Glaſs is ſeen on 
all Sides, becauſe it has yet Inequalities which reflect the 
Light all Ways. But the Aſpect is weak; becauſe having 
been poliſhed it has loſt a great Number of its Inequali- 
ties; and the more finiſhed is its Politure, the leſs proper 
it is to ſhow itſelf, It is made brown ſo as to appear 
black, and, as it were, inviſible. But the leſs Inequalities 
it has, the more proper it is to reflect Light regularly on 
the Side oppoſite to its Fall. The Backing, which a good 
Gardener — up behind a File of young Plants, extend- 
ing itſelf between the South and North, ſends back on 
them the Heat and Light on the South Side. But if the 
Plant be without that Covert, and on a flat Ground, the 
Sun's Rays which fall at the Foot are diſſipated Northward 
in their Reſilition. Thus Light falling on a rugged Sur- 
face, ſinds in it, not only a Backing, but Millions of Back- 
ings, of Hillocks, and Curvatures, whoſe Varieties it imi- 
tates in its Refilitions. But does it fall on a Surface ex- 
tremely poliſhed ? Its Reſilitions become then regular. 
The Reflection, not on all the Parts, but on a great Num- 
ber of the rugged Parts, becomes then like the Incidence. 
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Therefore if you are placed with regard to the Glaſs, like 
the Pendulum and Candle with regard to the ſame Glaſs, 
you will receive Rays, which will be diſpoſed in their Re- 
fiection, like in their Incidence. You will ſee yet, there. 
fore, the Candle and Pendulum ; but of thoſe oblique Rays 
proceeding from the Pendulum, there are a great many more 
admitted in to the Glaſs, then reflected towards your Eye; 
and the Image will be weak. | 

66. Let us take off the Picture in Paſtel; and ſpread 
under the Glaſs a Lay of Quickſilver, and add to it a La- 
mina or Leaf of fine Tin: The Tenuity of the Grains of 
theſe Metals diſpoſe them to fill exactly all the Inequali- 
ties or Cavities, which remained in the other Surface of the 
Glaſs, though equally poliſhed : The Rays, inſtead of be- 
ing tranſmitted into the Air through the Glaſs, find the 
Paſſage ſhut by a Surface ſmooth enough to make them 
reſiliate eaſily under an Angle equal to that of their Fall. 
This Glaſs is become a Mirrour or Looking Glaſs. Let 
us place this Mirrour where the Paſtel was, and ourſelves 
towards the Right, with regard to the Mirrour, under the 
ſame Obliquity of the Pendulum on the other Side; ſince 
in that Poſition only, the Reſilition of the Rays proceed- 
ing from the Pendulum placed on the Left, can affect our 
Eyes, the Return being always like the Incidence. Of 
theſe oblique Rays few reſiliate at the Point of Incidence, 
and muſt produce a weak Image; the others much more 
numerous are received into the Glaſs, broken at the En- 
trance e (Fig. 117.) towards the Perpendicular; and the 
Line of Refraction becoming in the Glaſs a Line of Inci- 
dence i on the other Surface of the Fund, the whole Maſs 
of Rays reſiliate regularly upon it, according to the Di- 
rection or Line of Reflexion r. Moſt of them come out 
in s, and following in the Air the Courſe of their firſt In- 
cidence, fince there they recede as much from the Perpen- 
dicular as they have approached it in the Inſide of the 
Glaſs ; they arrive in the Eye placed with regard to the 
Mirrour under the Obliquity of the Pendulum. The Re- 
gularity and Number of theſe Rays reflected on the Fund 
will give a neat Image ; but 1s that Image which appears 
ſingle, really ſo ? If what we have eftabliſhed be juſt, the 
Image proceeding from s, ſhould be accompanied with 
two or three other Images, more dim or weak, One * 
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the Left E, proceeding from the firſt Reflexion on the out- 
ward Surface, and from the Point e, very different from 
s; the other on the Right D R, procceding from the laſt 
Reflexions. In fact, the broken Ray 1, and reflected on 
the Fund, does not paſs whole in s towards F; a ſmall 
Portion thereof is reffected towards d, and in this its Pro- 
greſſion from one Surface to another, theſe laſt Reflexions 
become triple, and ſometimes quadruple, then arrive in 
DR, one weaker than the other. What flows here from 
the Principle, 1s juſtified by Experience. For though in 
Day-time, we moſt commonly ſee but the Image proceed- 
ing from the Bottom r s F, which eclipſes all the others by 
its Radiancy ; if notwithſtanding, inſtead of an Image 
formed by a Light reflected on the Objects, ſuch as the 
Image of the Pendulum, you employ at Night a luminous 
Body emitting vivid Rays, you will fee what I have fore- 
told, A Candle preſented obliquely, and with the Left 
Hand to the Mirrour, will form in your Eye, placed cther- 
wiſe in the ſame Obliquity, a vivid Image F proceeding 
from the Fund. On the Left of F will be another Image 
E, proceeding from the outward Surface, but it will be 
dim, and coaleſce more or leſs with the firt F. On the 
nght of F will be the Image of the laſt Reflexions D R, 
but weaker ſtill than E, and repeating itſelf three or four 
Times, and always becoming weaker and weaker, as in 
tne Figure 14. 'The thicker the Glaſs is, the greater will 
be the Diſtance between each Image. And on the Thiick- 
eſt Glaſs as on the thinneſt, theſe Images will approach 
one another, ſo as to coaleſce in Proportion as the Candle 
takes a leſs oblique Situation, and at laſt the Reſſexion of 
the outward Surface will be made on the ſame direct and 
perpendicular Line as that of the Fund is made. This is 
what appeared to me to flow from the Principle, before I 
had any Knowledge of the Phænomenon of the Light of 
a Candle tripled, as I have explained it here: And after I 
had traced the Figure 12, I preſented the Light of a 
Candle inſtead of a Pendulum to ſeveral Mirrours, all 
which repreſented to me a ſtrong Image, accompanied 
with two weak ones *. The laſt Reflexions follow ſome- 


* I thought this Remark new, but I have juſt now found it is 
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times the principal Image, to the Number of four or five, 
in becoming weaker and weaker, The ſame Light pre- 
ſented obliquely to the Surface of Water —— into a 
Bowl ſhould, in my Opinion, loſe moſt of its Rays abſorbed 
under the Surface; and the Image reflected on the Outſide 
be therefore dim and ſingle; which, in Fact, happens. 

67. Let us lay aſide, at preſent, the double Surface of 
the Glaſs, and ſee in what Point the Image, reflected by 
the Plane Mirrour, will repreſent the Object. Let the 
plane Mirrour be M M, Fig. 14. The radiant Point, or 
real Object O, the Point of Incidence I, the Line of Re. 
flexion R, the ſame Line of Reflexion prolonged indef- 
nitely P. It is in this 1 of the refſected Ray 
RP, that the Eye will ſee the falſe Object or Image of O, 
and will ſee it in a Point of that Line as much diſtant 
from the Incidence I as is the Point O: Therefore the 
Eye will ſee the falſe Object in F and placed beyond the 
Mirrour, as the real Object O is placed this Side the Mir. 
rour. The Poſition of the imaginary Focus F is found 
by a Perpendicular drawn from O into M, and prolonged 
ſo as to concur with RP in F, thus forming on either vide 
equal Triangles, where the Focus F anſwers to O. 

68. If we place two Glaſſes near one another, and up- 
right on the ſame Plane, the Object will be painted on 
them as on a ſingle Surface, though half of it on one of 
the Glaſſes, and the other half on the other Glaſs, accord- 
ing to the Manner the Object appears before them; and 
the Separation of the two Glaſſes will traverſe the Image 
without rendering it irregular. But if ſeveral Mirrours, 
or Fragments of Mirrours, make together different Planes, 
or one of them a leſſer Angle with regard to the other, 
there will be then as many Images as there are different 
Pieces of Glaſs. For the Images are multiplied like the 
Reſlexions, the Reflexions like the Incidences, and the In- 
cidences like the Planes. 

69. The convex or concave Mirrour, being a Portion 
of a convex or concave Sphere, and having therefore {0 
many ſmall Planes as it has Points, ſhould 1n all Appear- 
ance give as many Images as there are Planes and Perpen- 
diculars variouſly inclined : But theſe Planes are infinatcly 
ſmall: Their Field is ſo little, that all they can do is t0 
reilect the Image of a Point. But by their diverſe In- 

clinations 


F 
Atv ("vw wut. O£ fr nd ih. ed LS OS 6 fend a qa AO ods OA Sd © Goin fm s vu nt. MA Rmvaeank =u-_£O wa Holt Gas r za. FJ # 


ms and ca two fu tm ww 


Of Optics. 299 I 
clinations they diſperſe or colle& the Rays proceeding 
from the different Points of an Object, ſo as to form Fi- 
gures ſometimes greater, ſometimes ſmaller, ſometimes di- 
ſtorted, and ſometimes romantic, the Cauſes whereof are All 
found in the Combinations of the Circumſtances to which 
the Principle of the 1 of the Angles of Incidence 
and Reflexion can be applied. 

70. Preſent a Figure or lucid Body to a ſpherical Glaſs, 
whether convex, or concave, or cylindrical, or of any other 
Curvature : According as this Object recedes from the Cen- 
ter, or approaches it, or places itſelf between the Center 
and Mirrour, or ſhows itſelf more or leſs obliquety, there 
reſults from it Diſperſions of Rays, of Paralleliſms, of dif- 
ferent Foci, of Inverſions of Images, of diminiſhed Fi- 

ures, of Figures monſtrouſly magnified, ſometimes di- 
— and in Appearance romantic. If, for Example, 
the Forepart of a Mirrour be plane, and the other Side 
convexed and filvered, this Diſpoſition renders it concave 
for the Light, If you place yourſelf between this Mir- 
rour and the Center of its Curvature, you will ſee all your 
Features extremely magnified, becauſe the Rays, which 
fall diverging on its firſt Surface, arrive ſtill more diverg- 
ing on the Surface of the Fund, and return to the Eye un- 
der a greater Angle. And this increaſes the Field of the 
Image. If you preſent a Candle to this Mirrour, you will 1 
ſee two Candles in it, often three: One of them in its 14 


own Length, which is that reflected on the exterior Plane; 
the ſecond very large, and better marked, which is chat 
proceeding from the Bottom under a greater Angle; and EY | 
a third, which is ſtill larger, but weak and cloudy, becauſe 7 W 
it is that of the laſt Reflexion from one Surface to another. yl | 
If you put the Eye at the Center of the Curvature, all the 11 
Rays emitted from the Eye are perpendicular to the Con- 41 
cavity, and the Reſilition being as the Incidences, the vil 
Rays will return to the Perpendicular, and you will ſee 
only your Eye. Opticians have followed gradually theſe 
Figures, and demonſtrated that they were all the neceſlar 
Effects of the two Principles of Reflexion and Refraction, 
differently combined, and applied according to Circum- 
ſtances. Theſe Reſearches have procured us various Ef- 
fects of Light, which ſurprize when we do not know the 
Cauſe of the Extenſion, Inverſion, or Contortions which 
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happen to the Images of Objects according to the various 
Proceſſes of Rays. Hence very ſmall Figures prodigiouſly 
magnified in the magic Lantern, by the great Divergency 
of the Rays. Hence thoſe rough Draughts, or Cartoons, 
loaded with confuſed Strokes or Touches, which, bein 
expoſed before a cylindric Glaſs, throws on that. poliſhed 
Column a Figure of a gracious Attitude and perfect Regu- 
larity. But as we ſearch here Effects of ſome Utility, ra- 
ther than puerile Inventions, which ſerve only to amuſe or 
divert us, we will paſs to the Inſtruments which Opticians 
have invented, and the Succours Man receives from them. 
71. Mirrours and tranſparent Glaſſes, the Concave, the 
Lenticular, the Spherical, and others, ſerve apart, or to- 
ether. 
5 72. Every one knows the Uſe of the plane Mirrour. As 
it carries wr hin itſelf the moſt perfect Imitation of Na- 
ture, if, in a Cloſet, which makes the Angle of a Build- 
ing, you oppoſe one, or ſeveral Mirrours in their Frames 
on the ſame Plane, in form of Glaſs Windows, to a Ribble- 
row of Rooms, that Ribble-row is ſeen double. If your 
Mirrours receive the Aſpect of a Garden or fine Country, 
z11 theſe fine Proſpects are agreeably repeated. | 
23. By the different Manners of oppoſing a Mirrour to 
another, you obtain not the ſimple Repetition of an Ob- 
ject, buta Multiplication of the ſame Images, reproducing 
themſelves in immenſe Diſtances, and almoſt beyond the 
Sight. To have a flight Notion of the Poſſibility of theſe 
Reproductions, place a Candle between two Mirrours ; the 
zaked Light you ſee paints itſelf on the Mirrour placed on 
tbe Right. That Image is reflected on your Eye, and on 
a Point of the Mirrour of the Left, where it forms beſides 
2 double Reflexion, wiz. on your Eye, and on the Mirrour 
of the Right. Here is anew Diſtribution ſemblable to the 
preceding one, but weaker. Here are, therefore, already 
four or hve Images produced by the Fall of the Image on 
the Mirrour placed on the Right, and of its different go- 
ings and comings. To theſe four Images, join as many 
eihcrs produced by the Fall and ſemblable Progreſſes of the 
ſame Imageon the Mirrour of the Left. This is conceived 
without the Aſſiſtance of a Figure: You Il have different 
Effects, or more numerous, it you change the Poſition of 
the Mirrours, or multiply their Planes: Iheſe Combinart- 
ous are without Eud. 74, Con- 
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74. Conceive a Tube which has a lateral 1 
Aperture in E, and another in I. (Fig. 15.) gon Polemo- 
Over-againſt each Aperture place a plane it 
Mirrour, inclined 45 Degrees, or half a right Angle on the 
Fund. The Perpendicular, which is to fall on the Surface 
of the Mirrour, will form two right Angles. The exter- 
nal Rays falling parallel at the Foot of this Perpendicular 
in E, aud forming with it an Angle of 45 Degrees, will 
reflect along the Tube under ſuch an Angle. They will 
renew the — Play on the other Mirrour placed in J, 
ſince it is the ſame Inclination, the ſame Incidence, and 
the ſame Reflexion. In a Camp, or a Place beſieged, 
you may uſe this Inſtrument. From within a Tower, or 
behind a Parapet, put out the End E by turning the late- 
ral Aperture on the Side you want to ſee in the Neigh- 
bourhood, and applying the Eye in I, you will be able to 
diſcover, without Danger, whether the Miner be at the 
Sap, or the Motions of the Enemy. For this Reaſon this 
Inſtrument has borrowed the Name of Polemoſcope. If, 
from within your Cloſet, you want to ſee the Motions: of 
a public Place, fituated fidewiſe, the Aperture E, dire&- 
ed towards the Merchants who are quarrelling, will ſhew 
you in I Attitudes fall of Warmth, and very expreſſive 
Geſticulations. 

75. The Poſition of this Mirrour, inclined ; 
4; Degrees on the Bottom of the Camera —— N 
Obſcura, portative at Pleaſure, diſpoſes all — 10 | 
the Rays received through the lateral Aper- ag Sr ng 
ture, to re-aſcend in a right Angle towards the Top; ſince 
two Angles of 45 Degrees each give together ninety De- 
grees. The Rays or Pencils carry their Extremities, on 
a Piece of Vellom braced tight, where they range them- 
ſelves like the Points of the Objects. This Inſtrument ex- 
hibits Images perfectly like their Objects; and by its Means 
you learn to delineate Objects to the laſt Accuracy and 
juſtneſs, by copying Attitudes of a great Truth. 

76. Theſe Inſtruments are rendered per- 
fect, by adding to the Aperture which re- Ff. 16. 
ceives the Rays, one, or ſeveral Tubes, which 
can be puſhed back, or drawn forward; an! in one of 
tem is fitted a lenticular Glaſs, proper to di perſe a ſu- 
pzriiaous Light, and fixengthen the Picture you want to 
ke, 77. The 
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77. Theinclined Mirrour, ſeconded with 
a good Lentil, or a Concave Glaſs, for ſome 

articular Eyes, is the whole Artifice of the 
lateral Spying Glaſs. It is directed always, not quite op- 
polite to the Perſons we want to ſee more diſtinctly, but 
pretty far from them, and ſideways ; which is leſs rude, 
than to point the Spying-Glaſs quite point blank, to ſtudy 
the Face of Perſons. 

78. An Engraver who copies a Draught, finds it, in the 
Impreſſion, __— the contrary Way. The Figure of a 
Gentleman is ſeen with the Sword on the Right Side, or 
the Hat under the Right Arm. But a Mirrour placed by 
the Draught, makes a firſt Tranſpoſition ; and the Im- 
preſſion, which gives a ſecond one to the Figure, made 
with the Aſſiſtance of the Glaſs, reſtores it to its right 
State. 

79. Some firſt Lines traced, and preſented to Mirrours, 
the Faces whereof form Angles more or leſs open, facili- 
tate the _—_ ſoon Cartridges of an agreeable Contour, 
yery neat Cyphers, Cieling-pieces, and Compartments of 
Parterres, and Embroidery, which, otherwiſe, had never 
been imagined. | 

80. In a Mirrour, even but of a ſmall Field, we ſee the 
Objects, and Perſons in their natural Height. A Limner, 
who wants to imitate them, places before its Mirrour a 
Frame divided into ſo many {mall Squares of Thread, as 
he has drawn great ones on his Canvas ; he obſerves care- 
fully, on what Angle, on what Line, arrives a Finger, 
an Elbow, a Shoulder, or any other Object ranged by its 
Mirrour. All the Parts of the ſmall and excellent Picture 
furniſhed by the Mirrour, are transferred in great, and in 
the ſame Order on the Canvas, The Mirrour helps there- 
fore towards the juſt Poſition, and moſt delicate Proporti- 
ons of Figures. It is a ſure School for learning Sityai1ons, 
Miniature, and Perſpective. 

81. Perſons who have the Cryſtalline too flat, a Defe& 
which happens by Degrees, with Age, cannot ſee diſtinct- 
ly but remote Objects; becauſe, when the Object is near, 
the Rays are too diverging. They continue to be ſo in 
the Eye, and the Cryſtalline does not collect them but be- 
yond the Bottom of the Eye. Then thc Foci of the Pen- 
cils are not diſpoſed on the very Fibres where the Motion 
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of the Picture is to be made, but when the Object is re- 
moved at ſome Diſtance; and a thin Lentil, capable to 
facilitate the Collection of the Rays, and make them con- 
cur not beyond the Eye, but preciſely on the Fund, is in- 
terpoſed between the Eye and the Object. | 

82. Thoſe who are near-ſighted have the 
Cryſtalline too convex. When they receive 3 *. 
at ſome Diſtance Rays which are but little : | 
diverging, and are re-united by a too convex Cryſtalline, 
in ſome Points of the vitreous Humour, the Image of that 
Focus becomes needleſs: The Rays croſs 2 in it, 
and proceed to cauſe a confuſed Motion on the Bottom of 
the Eye. The Remedy for this Inconveniency, is to draw 
the Object nearer; becauſe Rays which enter the Eye at a 
great Angle, and very diverging, are not ſo ſoon collect- 
ed; but, when the Object is drawn nearer the orbicalar 
Figure of the Cryſtalline, direct the Rays into Foci, which 
form a neat Picture juſt on the Bottom of the Eye: Or 
elſe a Pair of concave Spectacles is placed between the Ob- 
jet and the Eye, which Spectacles diſperſe, and make the 
Rays diverge ſo as to exerciſe a propos tlie great Convex- 
ity of the Cryſtalline. 

83. Perhaps Optics ſerve us as well by good Adviees, 
as by good Inſtruments. We approve the Method of em- 
ploying but a moderate Light in the Uſe of the Eyes. By 
Means of this habitual Precaution, and taken while young, 
ſeveral Perſons have ſeen without Spectacles when they 
were very old. Could the Eye be like the Stomach ? 
which is hurt by 4 too great Plenitude, and moſt com- 
monly the more it is filled the more it craves ; And, when 
uſed to it, the leaſt Diminution of Food makes it ſuffer z 
hence puny and weak Stomachs. 

84. By means of the Principles already Th 
eſtabliſhed, you may conceive the Effects of Sean 

Pying- glaſs. 

a concave Spying-glaſs, and of the loupe | 

Convex on one Side, or both. A lighted Candle will 

emit as many Pencils of Rays as it has Points, which re- 

ceived in a too convex Cryſtalline, diſpoſe their Foci in 

tie vitreous Humour, which forms a confuſed or loſt 

Image, To carry that Picture as far as the Bottom of the 

Eye, the concave Spying-glais D E, (Fig. 17.) is oppoſed 

lo the Rays, Let us follow in it the Courſe of the two 
Pencils 
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Pencils C B; they will regulate the Fate of the others, 
The two external Strokes of the Cone proceeding from C, 
will approach the Perpendicular in the Thickneſs of the 
Glaſs, and recede a little from it in the Air. They go to 
paint the Light of the Candle in the Bottom of the Eye, 
and thoſe proceeding from the Foot of the Candleſtick B 
paint it on the Top of the Eye. The Figure being there 
inverted, the Object will be ſeen ere&; which is the Lay 
of Nature, But, when the Eye ſecs by means of Rays 
which have been inflected, it does not direct them to their 
true radiant Points C B, but to the imaginary Points I H, 
where they ſeem to concur. Now the Field I H is much 
ſmaller than CB: Therefore the concave Spying-glaſs di- 
miniſhes the Image; but this Image is neat. - 
85. The Fields muſt extend the contrary 

The Loupe, Way in the Loupe AB, (Fig. 18.) The 

Rays proceeding from the two Petala of a 
Flower F E, which you keep between the Center G and 
the Loupe, diverge on the Glaſs, become there almoſt pa- 
rallel, and invert the Object in the Eye, whence it follows 
that it appears erect. It is painted in it as if the Eye was 
naked. But as the Rays have been broken in the Glaſs, 
the Eye fees the Object, by means of the Strokes which 
affect it, as prolonged and radiant ia MN, the Field 
whereof is greater than in F E. 
. 86. The ſimple, or ſingle Microſcope, 
— whoſe Baſes, and ſubſidiary Implements may 

be ſeen in Joblot, conſiſts of a ſingle Lens or 
Ferule, whoſe Convexities are the Portions of a very ſmall 
Sphere, or rather, is but a very ſmall Sphere of white 
Glaſs. We have obſerved, that the parallel Rays, which 
enter a Sphere, concur, and form their Foci towards the 
fourth Part of the Diameter; a very ſmall Diſtance with 
regard to a very ſmall Sphere. It, therefore, the finall 
Object be placed in that Point, very near the Glaſs, the 
Rays will fall upon it very diverging, become ſtill more 
diverging in the Glaſs, and carry into the Eye a Cylinder 
of parallel Rays, much larger than the Object. The 
Angle of the Image formed in the Eye by the broken Rays 
will be regulated on the Breadth of the Cylinder, or Mals 
of Rays received in the Eye. The Object therefore will 
appear much bigger than it is in Reality; and e 

appe 
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appear erect, vecauſe the Eye acts here, as it does naked. 
It bends downwards the Rays proceeding from the Top of 
the Object, and upwards thoſe from the Bottom, whereby 
the Image is inverted ; which is the only Means to ſee it 
erect. 

87. The Neceſſity of approaching a very ſmall Object 
near this Glaſs, fitted to a pretty thick Baſe, brings the 
Object exactly under the Shadow, and hinders the Image 
from being eaſily ſeen. Let us lay aſide all the imperfect 
Means uſed till now to remedy this Inconveniency, and 
come immediately to what has been found moſt eaſy and 
eſicacious, to have à Light fully reflected on the ſmall 
Object: It is the Microſcope of M. Liberihun, a learned 
Prufffan, who had the Complaiſance to communicate it 
to us, and ſhew us the Structure thereof. 

A wooden broad and flat Pedeſtal, an S or 1 
silver Sconce, with a Screw, to be taken to ſcope with a 
pieces and laid flat, with the Pedeſtal, in perforated 
the Pocket; a Pillar, and little Tongs, are Mirrour. Fig, 
the whole Support of this Microſcope, which 19. 
has nothing extraordinary. Two very ſmall 
Funnels of Braſs or Silver, which have each, at the Ver- 
tex or Top, an Aperture ſmaller than the Body of the 
globular Glaſs to be fitted to it; a concave Mirrour of 
Silver, in the Form of a Chalot, of an Inch or leſs Dia- 
meter, well poliſhed Inſide, and perforated in the Middle. 
of its Concavity to receive with the Faſtenings, pre- 
pared for the Purpoſe, the Nipples of the Funnels : Such 
1s the Body of the Microſcope. The Obje& diſpoſed at 
a very ſmall Diftance from the ſpherical Glaſs, and at the 
Return of the Light, does no more ſhadow itſelf, but of- 
ler to the Eye a Surface well illuminated: There is a juſt 
Proportion between the circular Figure of the Mirrour, 
and the Smallneſs of the Lentil, to make the Fall of the 
reflected Rays concur with the Poſition of the Object. 
But, was the Situation not quite ſo perfect as it might 
be, the Light brought from all Parts, and eſpecially the 
Top, reſiliates ſeveral Ways on the Politure of the Mir- 
wur, and is always abundantly enough reflected on the 
Object, to render the Image thereof as neat as it can be 
magnified by the Bigneſs of the Angle. 


88. By 
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The reſſecting 88. By compoſing the Microſcope of ſe. 


— veral Glaſſes, we have ſearched to magnify 
9 ſtill more the Image; to diſtinguiſh better 
Glaſſes. the little Animals which flutter in ſeveral 


Liquids ; to diſcover better the nutritive Veſ- 
ſels, and CharaReriſtics of the Parts of the vegetative or 
animal Body. We will ſet aſide a hundred Sorts of theſe 
Microſcopes, to mind none but that which has three 
Glaſſes, with a double Reflexion. Let us begin by the 
Progreſs of the Rays. In Fig. 20, SS is the Portion of a 
concave Mirrour placed at the Bottom of the Microſcope. 
The parallel Rays RR are obliquely reflected in it, and 
concur in a Focus of ſome Extent A B. Here the Object 
1s placed. From this Point, which is very near the Cen- 
ter of the Curvature of the objective Ferule C E, the Rays 
paſs into the Ferule, come out almoſt parallel, are re- 
ceived in the Ferule h g, whieh has been kept very large 
to take them in without Loſs; from hence they paſs into 
af, where they concur in Foci, or Points of Pencils diſ- 
poſed between them, like the Points of the Object, but 
more in great. You muſt obſerve, that by the Tranſpo- 
ſition of the Rays, this Image is inverted. From this 
Image, as from a real Object, ſally Rays to arrive oblique- 
ly in nk the third Ferule, called Ocular, whenge they 
come out parallel between them, and go to paint in the 
Eye the Image d f, whence they ſallied laſt. This Image 
is inverted; that in the Eye is erect like the real Object, 
therefore the Object will appear inverted. This Deſcrip- 
tion is the Skeleton of the great reflecting Microſcope. 
Let us ſee the Body, and Uſe thereof. 
AAA, The Body of the Mier oſcop 


= ; ſupported by three Brackets b b b, on a 
Microſcope ſmall Trunk or Supporter C, containing the 


made eaſy, Drawer D, wherein the Ferules, and other 
Inſtruments of Uſe, are kept. 

ee The Tube which ſlides into the Body of the Micro- 

* it carries in its greateſt Breadth the great Ferule, 

and goes diminiſhing towards its two Extremities. In the 


upper Part it carries the Eye-glaſs, and the lower Part f 


finiſhes by a Screw g, appointed to receive the F erule, 
wherein the Object-glaſs is fixed. The Drawer contains 


five of them, which magnify unequally. The Tube ee, 
aſcend- 
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aſcending and deſcending at Pleaſure, helps towards find- 
ing the Point which ſuits the Eye of the Spectator. 

, alittle ſquare Braſs Head, perforated in M to receive 
the Slice-bearer N. This Inſtrument N is compoſed of 
three Circles, two at Reſt, and one moveable. 'There are 
ſliden horizontally into it long flices of Ivory, ſuch as 4, 
wherein the ſmall Objects are incloſed between two Leaves 
of Tale of Muſcopy, very tranſparent, and kept in their 
Lodge by Means of a {mall Ring of Braſs with a Spring, 
which Ring keeps itſelf in its Place. The Slice 4, which 
moves backward and forward at Pleaſure, becomes firm 
when let go, becauſe the moveable Circle which carnes 
it, is itſelt driven againſt the upper Circle, with the Af> 
ſiſtance of a Steel Spiral. | 

O, a ſmall Plate perforated with ſeveral Holes, to re- 
ceive ſeveral ſmall Objects, encloſed as above, between 
two Leaves of 'Talc. One of theſe Holes is ſhut with a 
concave Glaſs, to receive ſome Drops of the Liquor, where- 
in has been macerated, either Straw, Hay, or other Things 
of that Kind, to decoy ſmall Animals into it; two others 
of theſe Apertures are ſtopt, one with a Slice of Ivory, to 


render the Colour of opake and dark Objects more appa- 


rent; the other with a Slice of Ebony, to facilitate the 
Diſtinction between clear and opake Objects. The Nob 
in the Middle of this Plate ſlides and ſtops in P, to become 


there a Pivot, on which the Plate turns, and brings the 


Object wanted on the Aperture M. 

K, aconcave Mirrour turning on the two Trunnians 88, 
in the Semi-circle R, which turns itſelf on the Pivot c. 
By means of theſe free Motions, the Reflexion of the Light, 
or Sky, or Candle, is thrown on the tranſparent Object 
fed in M. This firſt Reflexion can ſerve by Day-light 
and Candle-light. 

V, a Lentil convex on one Side, and plane on the other, 
to throw from ſome Diſtance the Light of a Candle, and 
collect it in a quick Focus on the opake Object placed in M. 
This Lentil, or Spherule, plays like the concave Lens or 
Mirrour, and inſerts its lower Pivot into the Aperture W; 
this Reflexion is the ſecond, and of very little Uſe by Day- 


light. | 
X, a hollow Cone of black Wood, to be placed under 
tne Aperture M, when Spherules, which magnify much, 
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are uſed. We learn from Experience, that the Image of 
a tranſparent Object becomes more diſtin by diſperſing 
the Rays brought obliquely by the Lens, when thoſe Rays 
do not concur towards the Formation of the Image. 

Y, is a bent Plate, whereon 1s faſtened a ſmall Fiſh, as 
a Gudgeon, Smelt, &c. whoſe Tail being tranſparent, is 
placed on an Aperture over againſt M, whereby the Circu- 
lation of the Blood is ſeen. We can, with tle ſame In- 
tention, introduce the Foot of a Frog, or of a Lizard, or 
a ſmall Eel alive, into the Tube I], and flide it under the 
Aperture M. The Circulation appears, here, much more 
rapid than Nature; the Object appearing bigger than Na- 
ture. If the Space occupied by the Object appears a hun- 
dred Times bigger, the Blood which traverſes that Space 
muſt appear to run a hundred Times ſwifter. 

2. Is a Lodge which carries either a plano-concave Glaſs, 
or any other, as Occaſion, or the Taſte of the Spectator 
requires it. This Lodge is placed on the Aperture M; 
and the Object on the Concave, which diſſipates thoſe of 
the reflected Rays which might be ſuperfluous. 

3. A Needle pointed at one End, and armed at the other 
with Tongs, which open when preſſed, and ſhut when let 
go. It lies in Z, and preſents the Objeci in M. 

. 5. An Ivory Box, containing a Proviſion of Leaves of 
alc. 0 > 
b, A Bruſh. 7. Other Tongs. 

Though this Microſcope, which is of M. Edward Scar- 
let, and I have made Uſe of during ſeveral Years, be very 
good ; I muſt confeſs, that the great Microſcope of M, 
George, Optician at Paris, ſuch as that he has made for 
M. Duhamel, of the Academy of Sciences, is much ſupe- 
rior to what comes from England, either for the Beauty of 
the Effects, or for the Freedom of the - Situations which 
multiply the Effects. Th's Microſcope is, particulariy, 
the moſt uſeful for tranſparent Objects. It is very good 
for the opake, with the Aſſiſtance of the ſecond Reflexion. 
But to ſtudy eaſily the laſt, we return always with Pleaſule 
to the concave Lens of M. Liberkhun. * 
| 89. The Aſtronomical Teleſcope, and that 
— 2 put 3 at the Graphometer, = but two 
| Glaſſes. By receiving the Rays of diſtant 
Objects, it modifies them as if they were parallel; they 
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a, therefore, to meet in their reſpective Foci, and are 
diſpoſed among them like the Points of the Object, ſome- 
where between the two Glaſſes, The Diſtance of the Fo- 
cus is the greater, as the Curvature of the Object Glaſs 
makes Part of a greater Sphere. The Image being invert- 
ed at the Focus, is erect in the Eye. The Object, there- 
fore, appears inverted. Ihe Neatneſs of the Image, and 
Whiteneſs of the Light, makes us not mind this Inconve- 
niency in Aſtronomy, where it ſignifies little whether a 
round Planet 1s ſeen ere& or inverted. Neither 1s the 
ſame Inconveniency troubleſome in the Meaſures taken on 
the Ground, where we want, only, a fixed Poiat in the 
Image erect or inverted. It is alſo conſidered as nothing 
in the compoſed Microſcope, where nothing elſe is mind- 
ed but the viewing a very ſmall Object, whoſe Situation 
is indifferent, But it happens otherwiſe in the Land Te- 
leſcope, which taking in a pretty large Field, and a Num- 
ber of Figures grouped as in a Picture on a common 
Ground, muſt repreſent them in their natural Form, and 
in a Situation eaſy to be known. 

90. The Land Teleſcope conſiſts of four 
Glaſſes, Its Figure alone will ſhew you the 
Frogrefſes of the Rays in it, and the Inver- 
on of the laſt Image in the Eye, which is the true Erec- 
tion thereof, 

The Conſtruction of this Inſtrument conſiſts in ſeveral 
Tubes of Paſt-board, ſliding within one another, unleſs it 
be made all of a Piece. The firſt Tube contains two others, 
which are not drawn when the Spying Glaſs 1s uſed. Of 
theſe two Tubes, one, which is very little, carries the 
Eye-glaſs; the other longer, carries, beiides, two other 
Glaſſes, called Eye-glaſſes alſo, or ſecond and third Glaſs. 
The laſt of the great Tubes carries the great Glaſs called 
Object glaſs. The ſmall Circles or Diaphragras placed in 
the Intervals of the Glaſſes, which are their common Fo- 
cus in the Inſide of the Tubes, ſerve to abſorb the Ray 
vluch might dim the Image. 

01. Theſe Teleſcopes have three great Inconveniences. 
1. The Multiplication of the Glaſſes renders the Light 
tim, by the Loſs of the Rays which reflect on the four 
Glaſſes, 2, The Rays variouſly coloured in the * — 

Iittelf, 


The Land 
Teleſcope. 
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itſelf, as I heretofore explained it to you®, are unequally 
broken, eſpecially in Proportion as they become oblique; 
which is the Occaſion that the Edges of the Images are 
dimmed by Rain-bows or Franges variouſly coloured, 

The Length, was it but of fix or eight Feet, renders the 
Diſpoſition thereof difficult. They are folded on the 
Length, and you loſe the Object. Their Supporters, and 
Movings from Place to Place, are cumberſome, Here is 
a ſmall and light * eaſily managed, and which, 
if only fifteen or ſixteen Inches long, is equivalent to one 
of eight Feet; and to another of eighteen Feet, if it has 
but two Feet and a half. This Teleſcope was invented 
very near a hundred Years ſince by a Scorch Optician +, 
who had it engraved and publiſhed in 1663. It has been 
improved fince, and is found the beſt for common Uſe, 
eſpecially after the different Degrees of Exactneſs and Fa- 
cility, the Artiſts of London and Paris, by a Motive of 
Emulation, have added to it. We have all its Dimenſi- 
ons in a very good "Treatiſe of M. Paſſimant on the Con- 
ſtruction of this Teleſcope, and on the Manner of grind- 
ing the Glaſſes and Mirrours. This ſkilful Artiſt leaves 
us Room to hope for new Productions of his Induſtry, 

A Teleſcope witha perforated Glaſs. You 
find at firſt Sight, that it conſiſts of ſeveral 
Pieces eafily diſtinguiſhed. 1. Of a very 
ſimple and commodius Pedeſtal, and which can be taken 
to Pieces. 2. Of a Knee which helps towards moving the 
Teleſcope all manner of Ways. 3. Of Screws; ſome of 
which ſtrengthen the Knee, and the others faſten the Te- 
leſcope to its Pedeſtal, 4. A Braſs Tube covered with 
Shagreen, thirteen Inches lang, and two broad, or a little 
more, Inſide. 5. Another little Braſs Tube, three Inches 
long, and hatted with the long one. 6. A Steel Rod ter- 
minated by a Nob towards the ſmall Tube, and leaning 
along the great one. 

The Ule of the Pedeſtal is obvious. The ſmall Tube 
has but one Aperture of a quarter of a Line, to apply the 
Eye to it. The outward Extremity of the great is all open 


Fig. 23. 


* Vol. IV. Firſt Part, Dialogue ix, 
+ Optica promota Jacobi Gregori. 
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to receive the Parallel Rays which come from diſtant Ob- 
jetts. Theſe Rays fall to the Bottom of the great Tube 
where they find a concave Glaſs perforated in the Middle 
of an Aperture of fix Lines. This Glaſs receiving the 
parallel Rays on its Concavity, ſends them back obliquely 
and collect them again in a Focus nine Inches diſtant, 
where they croſs each other, and go, in diverging, to fall 
on the Concavity of another Glaſs, of eight Lines Diame- 
ter, and eighteen of Focus. They find the poliſhed Sur- 
face of this Glaſs in the Middle of the large Tube at eight- 
een Lines Diſtance from the preceding Focus, and eight- 
een Inches and a half, or thereabout, from the perforated 
Glaſs which the ſmall one faces. The ſmall one 1s ſup- 
ported in the Vacuity of the great Tube on a Curſor or 
Arm which plays on the Outſide, by Means of a Female 
and Male Screw which terminates the Iron Rod. The 
Spectator turns the Knob which Way he pleaſes, and makes 
the Curſor with its ſmall Glaſs go backward or forward, 
according to the Diſtance of the Objects, or the Diſpoſition 
of his Eye. The Rays, after they have croſſed one ano- 
ther at the common Focus of the two Glaſſes, and fallen 
obliquely on the Cavity, reſiliate on Lines very near pa- 
allel, which direct them towards the Aperture of the great 
Claſs. They croſs this great Glaſs, and meet under a 
ght Obliquity at the Entrance of the ſecond Tube, a firſt 
Glaſs plano convex, which collects them, and forms of 
them a ſecond Image towards the Middle of the Tube, 
al on this ſide its proper Focus. The Darkneſs of the 
vides of the Tubes, and a Diaphragm placed towards the 
Combination of the Pencils, make an End of clearing the 
Piture thereof; and as it erects the preceding one, the 
Rays, darted from it as from the Object itſelf, will go 
rough a ſecond Glaſs in the Form of a Lunula, to reach 
de Aperture of four Lines, and form in the Eye an invert- 
ed Picture; whence it happens that the Objects appear 
wet, and in their natural Poſition. The parallel Rays 
urted from the Lunula will exhibit the Object as ſituated 
a the Place whence they ſeem to have ſallied, 7. e. to- 
aß eds the neighbouring 8 Thus very diſtant 

ol Vojctts appear extremely approximated. 

This Teleſcope has occaſioned that of Newton, which is 
Aterior, and is a Copy of it, with few Alterations, Like 
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the former, it receives the Light through a large Aperture 
on a great Glaſs which lines the oppoſite Fund : Like the 
former, it throws it back on another Glaſs. But the Glass 
which terminates the Tube is not perforated, and the ſmall 
Glaſs, inſtead of facing the preceding one, looks on it 
with an Inclination of 45 Degrees; which brings the 
Light back almoſt at a right Angle, and at one of the Sides 
of the Tube where the Eye imagines to ſee before it the 
Objects which are ſideways. 

This Teleſcope renders the Image very clear, and is of 
a very fine Invention: But the Multiplicity of its Pieces, 
which I omit mentioning here, joined to the Difficulty of 
feizing the Object which muſt be ſearched fideways, in 
groping along, has rendered the Uſe thereof very little 
common, and its Deſcription very little neceſſary. 
3 The great Number of Artiſts continually 
ne employed in Painting, or Delineating, are al- 

; ſo indebted to Optics for the Rules of Per- 
ſpective, ſo proper by their Simplicity and Certainty to 
help the Genius, and give to the different Parts of a Whole 
the reſpective Situations they have in Nature. They fear 
nothing ſo much as to miſs the fine Nature : They have it 
always before theit Eyes. But theſe ſcilful Copyiſts do not 
place a Point, but Perſpective puts in their Hands a Line 
which carries infallibly that Point to its proper Place. 
| We will not carry to a greater Length this 
Concluſion. Summary of the uſual Sciences, ſince it ſuf- 
fices to render evident the Deſtination and I 
right Uſe of the Intelligence Man has received from God. 
His Knowledge is viſibly that of a Governor who preſides 
or commands, of a 'Tenant that reaps, of a Maſter wo diſ- 
poſes of all. But the Structure of the World, and of all] 
its Parts, the Knowledge of God's Deſigns, and Will, is 
the Science of the Creator: He has reſerved it to himſelf. 
Reaſon, with regard to this, is in the Dark: It knows 10 
more the Beings in themſelves, than the Brain where it 
lodges ; and what he is permitted to know of the free 
Works of God's Will, he muſt receive it from his muaia-Y 
cent Hands, I 
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PLATE VI. 
Mills to grind Corn. 
FIG. I. A Water Mill. 


A The Plane of the Wheel. 
B The Arbor. 

CCC The Ladles of the Wheels, Boards placed on 
their Thickneſs, and tranſverſly to the Circumference ot 
the Wheel, to receive the Impulſion of the Water on 
their Surface. | . 

D The Flood Gates, Wooden Gates raiſed to let the 
Water paſs, ahd lowered to ſtop it. The Flood Gate is 
ſtopped at any Point, by the Inſertion of a Peg. 

E The Water ſtopt at a convenient Height to gain, 
by its Fall into the Baſon or Channel F, a ſtronger Im- 
pulſion againſt the lower As it meets With, and which 


it 
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it drives with the Radius which muMles the Arbor or 
Axle-tree Play. | | | 

2 The Profile of the ſame Wheel, w:th its Ladles. It 
has about ſixteen Feet Diameter, reckoning as far as to 
half the Ladles, 

6 The Arbor, about eighteen Feet long, and eighteen 
Inches Diameter. c c c c The Ladles. 

d d The Pinions which ſupport the Arbor; they have 
one Inch and a half Diameter. | 

e The Cog-wheel, which has four Feet of Radius, 
and forty eight Pins implanted perpendicularly to the 
Plane of its Circumference, to catch the Spindles of tlie 
hinder Head. 

F The Trundle Head about a Foot and a half Dia- 
meter, compoſed of two round Plates, one at Top, and 
the other at Bottom, with nine Spindles which form its 
Circumference. It is traverſed by the Iron Axis g, which 
raiſes its Point on the Piece of Wood 5, and ſupports the 
ſuperior Mill Stone. This Piece of Support is called the 
Vard. 

The Drain where the Mill Stones are incloſed. 

Water Mills are either fixed and ſituated on the Current 
of Water, or mqveable and placed on Boats. Theſe have 
the Wheel directly oppoſite to the Stream, or moſt rapid 
Current of the Water. To drive thoſe .which are fixed, 
the Water is ſtopped to make it fall afterwards under the 
Ladles into a deep and narrow Channel, that, being con- 
tracted and accelerated in its Fall, it may lay its whole 
Strength on the Ladles. When the Current is weak, the 
Water is let fall, not on the lower, but on the upper 
Parts of the Wheel, which in that Caſe is leſs, and car- 
ries, in its Circumference, not Ladles, but Troughs, or 
ſmall Sinks, the latter to receive the Action and Weight 
of the Water, the Strength of that Water increaſes ac- 
cording to its Rapidity, and its Rapidity 9 to the 
Square of the Spaces over-run. If the Water ſtrikes the 
Trough but at two Feet below the Mouth of the Channel, 
thro? which it flows, the Square of two being four, it has, 
in falling into the Trough, four Times more Strength, 
than at a Foot below its Sally“. | 


* See Nature Diſtlay'd, Vol, 4 Second Part, Dial, VII, 
The 
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The Mill with Ladles executed at Fere in Picardy, under 
the Direction of M. Belider, ground in twenty-four Hours 
1340 Buſhels of Corn. ; 
FIG. II. A Wind Mill, without any Proportion ob- 
ſerved in its Pieces. It is a firſt Draught, which will be 
cleared in the Sequel. ABCD The Sweeps. E The 
Cog wheel. f The Trundle Head. g The Axis. H The 
Yard. I The upper Mill Stone, ſuſpended in Equilibrio 
to the Iron Axis. K The unmoveable Mill Stone. 
FIG. III. A Hand Mill. 
A A long Lever for the Motor to lay hold on. The 
Motor may be either one or ſeveral Men, or a Horſe, or 
an Ox, &c. The Lever can be double or Quadruple, fo 
as to receive ſeveral Horſes to drive ſeveral Mills at once. 
B The Cog-wheel, placed horizontally, with its Pins im- 
planted, not on its Plane, but on the Outſide, and at the 
Circumference of the Joints. C The Trundle Heads, D 
The Yard. E The Iron Axis. F The Drum where the 
Mill Stones are incloſed. | 
FIG. IV. A Section of a Mill Hopper, and of the 
Drum which covers the Mill Stones. 
A The Mill Hopper, wherein the Corn 1s thrown. 
B. The Spout of the Mill Hopper, which is a ſmall 
Trough bowed to receive the Corn which fly through 
the lower Orifice of the Mill Hopper, and convey it into 
tne Aperture of the upper Mill Stone. C The Iron 
Axis, which being ſquare at the Meeting of the Spouts, 
cannot make a Revolution without {ſtriking with its four 
Corners againſt the Spout, which gives Way to the Paſſage 
of each Angle, and falls again four Times on as man 
flat Surfaces which are between the Corners of the Bar. 
Thofe ſmall Jerks make the Corn of the Spout to ſlip 
between the Mill Stones, and ſucceſſively that of the 
Bottom of the Mill Hopper to run out, being no longer 
kept up. D The moveable Mil Stone. E The un- 
moveable or fixed Mill Stone. F The Yard, the Trundle 
Head, the Iron Axis, and upper Mill Stone, are faſtened 
together, and march in Company; the Axis traverſes the 
lower Mill Stone, and plays freely in it. There is a 
mall Diſtance between the two Mill Stones, they do not 
touch one another; and to render the Revolution of the 


1 upper 
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upper one more free, by the Diminution of the Frictions, 
the Iron Bar is terminated into a Point, and does not 
touch the Yard that ſupports it otherwiſe than with its 
Pivot. 

The Action of 
Mill Stones. 


The Millers are Maſters to approach 
more or leſs the two Mill Houſes, accord- 
ing as they deſign to grind their Corn 
coarſer or finer. We repreſent here in Fig. IV. the 
Liſtance of the upper Mill Stone D, from the fixt one E, 
not according to an exact Proportion, but ſo as to render 
the Figure of che internal Surfaces of thoſe Stones ſenſible, 
The fixt E forms a Cone, whole Relievo, from the Bor- 
ders to the Point, is of nine perpendicular Lines. The 
moveable D, forms another, but hollow, and its Hol- 
lowneſs of one Inch, the two Mill Stones are ſo near 
one another towards their Edges, that there is no other 
Diſtance between but what is indiſpenſably neceſſary to 
hinder them from touching each other: It follows from 
the Meaſures we give to the Relievo of the lower Mill 
Stone, and to the Hollowneſs of the moveable one, that 
the Diſtance of the one from the other goes on in in- 
creaſing, and is found of three Lines, and ſome Points 
more towards the Center. To thoſe Meaſures, ſo judi- 
cioully taken, let us add thoſe given to the Yard, that 
we may know by theſe the Uſe of the preceding ones. 
'The Yard 1s a Fiece of Wood one Foot broad, and five 
Inches thick, on nine Feet in Length between its two 
Props. The Mill Stone being four thouſand Pounds 
Weight, or a little more, the "Trundle Head and the 
Iron Axis above two hundred, the Yard muſt neceſſarily 
bend in its Length under ſuch a Burden, and make a 
Concave Arch: The Inventor expected it. In Fact, 
from thoſe Meaſures proceeds all that is ingenious, and 
beau: iful in its Invention. The Corn, which the movea- 
ble Mill Stone ſhoots from the Center towards the Mid- 
dle of the Cone where it bruiſes it, and the Meal which 
it drives afterwards towards the Borders, are accelerated, 
in rolling on an inclined Plane, and acquire a centrifugal 
Virtue, which tends more and more towards avoiding 
the circular Line, to eſcape on a right Line which 1 
eangent to the Circle. The Corn, which flows ne 
a pon 
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a Spout where there is room to play, acts more ſrecly 
than that which enters a narrower Space. It 15 the ſatae 
of the Meal which rolls, yet at Liberty with regard to 
that, within a narrower Compaſs towards the Borders: 
Therefore it is neceſſary that the Corn which runs, ſhoula 
be accumulated'on that bruiſed, towards the Middle of 
the Radius; and the Meal coarſly ground ſhould be 
accumulated on that pulverized towards the Borders. 


The Mill Stone contributes towards thoſe Heaps, by 


bringing continually one Part towards the other ; and 
finding, conſequently, a ſtronger Refiſtance, it reſts upon 
it. Theſe Heaps become as a means to lift it up. Ihe 
Yard, for which that Tendency to an Aſcent becomes 
weak, raiſes by its Elaſticity; It returns to the right 
Line, and changes, perhaps, its Concave Arch into a 
Convex one. It helps the Axis and Mill Stone to aſcend 
a little, to obey, without Interruption, the circular Mo- 
tion which drives them. Ihe whole Weight of the 
Mill Stone bears then, not on the Yard, but ſucceſſively 
on the Corn and Meal. The Corn is bruifed, and the 
Meal attenuated. 'The Mill Stone falls again, and the 
Yard bends a-new towards the Arm, Thus the Mill 
Stone exerciſes three Motions, a continual circular one; 
the two others alternative, which conſiſt in aſcend- 
ing and deſcending by Turns. Therefore the Mill 
Stone is heard ſometimes bruiſing, ſilently, the thickned 
Heaps it ſqueezes; ſometimes ſounding in falling 
again, towards the Borders, on the Meal which eſcapes 
through the anterior hollow Wheel of the unmoveable 
Mill Stone, and falls either in the Sack of the Miller, or 
into a Bolter which follows the Motion of the Mill, to be 
ſeparated from the coarſer Bran. 
The Inventor of this ingenious Machine is not known, 
It has been preſerved by Imitation, through a long Series 
of Centuries, without having been yet, perhaps, exactly 
minded. M. Belidor is the firſt who has informed the 
Public of it. To verify the Reality thereof, he cauſed 
the Yard of the Mill of Fere to be propped ; that Piece 
of Wood loſing thereby its Motions of Vibration, the 
Mill Stone was confined to its circular Motion, without 
aſcending or falling; and the Meal came out ſo coarſe, 


2 that 
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that it was yet in a Maſs with the Bran; the Corn deing 
very little more than ſplit. 


PLATE VI. 


FIG. I. A Wind Mill, with its Sweeps and Sails, de- | 
lineated by M. Leander. 1 

FIG. II. Plan of the Foundation, and of the firſt Story, Wil WM 
with the Stairs and the Handle. | 

FIG. III. Plan of the ſecond Story, which bears the | 
Mill Stones and Hopper. 

FIG. IV. Plan of the third Story, where the Axis of 
the Sweeps or Yards, and Cog-whcel, are placed, 


PLATE VIII. 


FIG. I. The Infide of a Wind Mull, ſeen in Front. 

FIG. II. The Inſide of a Wind Mill ſeen ſideways. 

In both theſe Figures are diſtinguiſned the three 
Stories: Under the firſt is a large Stand or Foot, which, 
by means of the Saddles, Faſtenings, and ſloping Sup- 
ports which keep it up, bears the whole Mill. It turns 
occafionally round this Stand to preſent the Vanes or 
Flights to the Wind, according to the Side it blows, 
The Handle of the Mill with its Ladder, being puſhed 
by a Man, or drawn by means of a Windlaſs or Axis 
in peritochio, ſuffices to put the Arbor of the Sweeps in 
the Direction of the Wind. 

In the firſt Story, towards a third of the Timber 
Work, on the Side of the Sweeps is ſeen the Faſtening 
or Pin, which bears the whole, protracted to the ſecond 
Story. Between that Piece of Support, and the fore 
Part, is ſeen the Trough placed under the Mill Stones to 
receive the Meal. 

In the ſecond is the Drum for the Mill Stones, the 
Hopper, and the Trundle Head, at the Bottom of the 
Cog-wheel. : 

In the third is the Arbor or Axis of the Sweeps, the 
Cog-wheel, the Ring or Hoop which embraſſes the Cog- 
wheel, to let it looſe or ſtop it, and an Engine to draw 
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The Beauty of this Machine conſiſts, 1. The Beauty of 
in the perfect Equilibrium of the Maſs of he Invention, | 
the Mill, which is fupported and plays on the Air on a | 
ſingle Pivot. 2. In the Diſpoſiti n of the Sweeps to re- | 
ceive the Wind. 3. In the Proportion of the moving 
Force, with the Reſiſtance of the Mill Stones and Fric- 
tions. 

To make the Timber Work turn round me 
its Pivot in a perfect Equilibrium, the Eaſ- e ibn. I 
tening is not placed in the Middle. The Work. 111 
large Lever of the Sweeps, and Weight 110 
of the Mill Stones, would bring the whole Machine for- 10 
wards, but the Pin of Support is much more forwards than 
backwards, to make the back Part counterpoiſe the fore | 
Part. The Detail of the Pieces of the 'Timber Work 1s 
very well treated of in the Carpentery of Fouge, reviſed | 
by M. de la Hire. | 

The Freedom of the Flight of the Sweeps or Vanes, de- | 
pends on the Inclination of the Axis to the Horizon, and [| 
of the Inclination of the Surface of the Vanes to their 
Axis, 

Moſt Winds, inſtead of rolling on a 
Line parallel to the Horizon, make one 
Angle with the Horizon. When the | | 
Wind is a little freſh, if you expoſe your Hand perpendi- | 
cularly open to it, the Impreſſion of the Wind is not near 
ſo ſtrong as it could be. But if you bend your Hand back, | 
continuing to keep it quite open, you will feel a ſtronger 1 
Impulſion; becauſe, then, the Inſide of the Hand is ex- 
actly oppoſite to the Direction of the Wind. Such is the 
Reaſon of the Poſition of the Vanes, Plate viii. Fig. II. 
The Axis being inelined on the Floor of the third Story, 
is found in the Direction of the Wind, and oppoſite the 
Surface of the Vanes to that Direction. 

But it does not ſuffice that the Axis which carries the 
Vanes be inclined to the Horizon; the Surface of the- 
Vanes, beſides, inſtead of making a right Angle with the 
Axis, is eighteen Degrees diſtant from it, on one Part, and. 
forms, on the other, an Angle of 72 Degrees with the 
Axis, Workmen do not follow any great Uniformity in. 
theſe Meaſures : But ſetting apart the Profits or Advan- 
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tages more or leſs, let us ſearch in a few Words the Rea- 
ſon of this Obliquity. 

It the Wind ſhould blow directly on Vanes of a flat Sur- 
face, and oppoſite, at right Angles to its Direction, it 
could by no Means drive the Vanes ; becauſe its Action 
driving one Vane, would be deſcribed by a leſs Action 
carried cn the oppoſite Vane. There is the ſame Incon- 
venience on the Part of the two Portions of the ſame Vane, 
which will force the Wind along each Arm. The Wind 
drives equally to the right and left. What it ſhould gain 
in making the Vane bend towards the left, it would loſe 
in making it bend as much on the right. What it could 
obtain in finding an uniform Refiſtance in the whole Ex- 
tent of the four Vanes, would be to drive the Mill about. 

Let us incline theſe Vanes of a few Degrees ; but let 
that Inclination, which I ſuppoſe on one Vane, of eigh- 
teen Degrees one way, and of ſeventy-two Degrees on the 
other, with regard to the Axis, be continued the ſame on 
the oppoſite Vane : And on either Side face the Ground. 
Then the Wind happening to glide on ene Vane will drive 
it, and diſpoſe it to aſcend : It does the ſame on the oppo- 
fite Vane : Now one of them cannot aſcend while the op- 
poſite Vane ſtrives to aſcend likewiſe. One Action de- 
ſtroys the other; and nothing moves. 

But if the two oppoſite Vanes are parallel to the Hori- 
zon, one averts its Surface of few Degrees from the right 
Angle, in facing downwards, and the others in facing up- 
wards; the Wind ftriking againſt the Surface which in- 
clines downwards, will make it aſcend ; and gliding, in 
the ſame Manner, on the Surface of the oppoſite Vane, 
which it finds inclined contrary ways, it will diſpoſe it to 
deſcend. One Action helps the other. If two Levers begin 
to ſhake the Mill Stones, four diſpoſed with the fame Pre- 
cautions will produce a double Effect. | 

Such is the ſimple Artifice of the Motion of the Mill 


Stones, of the Equilibrium of the Timber Work, and of 
the Flight of the Vanes. As to the juſt Quantity of Forces 
and Refiſtances, either in Water Mills or Wind Mills, it 
is a Matter diſputed among Engineers ; but we have no- 
thing more learned on that Subje&, but what hath been 


written by Meſſ. Mariotte and Belidor. PLAT 9 
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E IX, ad ©. 


A Mill on Boats, delineated by M. Leander, 
after the Mills of Paris. 


FIG. I. A The Plan of a Water Mill. 
C The Bottom of the Boat. 
I The Flyers turning. 
K The great Arbor, or Axis. 
L The Canting-wheel. 
M The large Truddle Head, faſtened to the ſmall Ar- 
bor, as well as the Cog-wheel, 
N The Cog-wheel. 
-O The ſmall Trundle Head which guides the Mill 
Stone. 
FIG. II. B A Section on the Length of a Water Mill, 
The Side of the Bottom of the Boat. 
D The watching Place. 
E The Roof. 
F A Baſtard Window. 
G The Bit or faſtening Piece. 
H A Potlock. 
N The Cramp-Iron, or a kind of Pivot which ſupports 
the Mill Stone. 
P The ſmalleſt 'Trundle Head, 
O The Cog-wheel, hiding the large Trundle Head, 
Q_ The Mill Hopper. 
R The Bell. 
FIG. III. A An Elevation of a Mill on Boats, 
D The Potlocks. 
E The Bit, or faſtening Piece, 
F The Door, 
G The Bridge, 
H The Flyers, 
FIG. IV. B A Section on the Breadth. 
G The Bridge. 
I The great Arbor. 
K The Canting-wheel. 
L The great Trundle Head. 
M The 
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M The Cog-wheel. 

N The ſmall Trundle Head. 

O The Coffer which contains the Mill Stones. 

P The Mill Hopper. 

Q The Rope of the Bell. 

S A Trough for the Corn. 

T The Clapper. 

X The Top of the Belfrey. 

Y The Bin. | 
5 Z. A Cable to raiſe the Mill Stone, with its Pulley and 
Roll. 

FIG. V. C Another Section on the Breadth. 

I The great Arbor. 

K The Cog-wheel. 

M The Canting-wheel. 

N The ſmall Trundle Head. 

O Manner of repairing or beating again the Mill Stone. 

All the Pieces which compoſe the Mechaniſm of a Mill 
are found in the Elevation and Sections of a Mill on 
Boats ſeen different Ways; which Pieces can be known, at 
preſent, without being marked; obſerving, only, that 
there is here a Wheel and a Pinion more than in the other 
Mills. The Wheel is driven by the Arbor, and the Ar- 
bor driven by the Flyers carried off by the Current. This 
Wheel is implicated into a great Pinion which drives the 
Cog-wheel on the Trundle Head, deſigned to drive the 
Mill Stone. 

We ſee in the Section which ſhews the hind Part of the 
Boat, the upper Mill Stone riſen to be muffled. This 
Work is neceſſary to it, from time to time, to render it 
a little rough on its whole Surface; it becomes ſmooth 
in working, and then can only flatten the Corn ; whereas 
acquiring as many Teeth, by being pricked a-new, as it 
acquires {mall Points or Inequalities, it becomes as a large 
File, which cuts and pulverizes all it meets with. But as 
by repairing the Mill Stone, the Thickneſs and Weight 
thereof is diminiſhed, to reſtore to it the Weight proper 
to bruiſe, and its juſt Proportion with the moving Power, 


when it is found too much leſſened, it muſt be charged with 
a Cake of Plaiſter. 
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The Bell ſeen on the Side of the Mill Hopper, in the 
Section of the Length of the Boat, is ſuſpended in the Air, 
where it is kept fixed, without ſounding, by Means of a 
ſmall Cord, which hangs from the Side of the Mill Hop- 
per, to the Botttom, where it is lowered and kept ſteady 
by the Weight of the Corn, while there remains any con- 
ſiderable Quantity of it; but when it is almoſt all run out, 
the Cord being no longer ſtopped gets looſe, and reſtores 
the Bell to its natural Situation, where it is agitated by 
the Shakings of the Spout of the Mill Hopper, ſo as to ring 
or ſound continually, to give the Miller Notice to be rea- 
dy to fill up the Mill Hopper. If he was not attentive to 
the __ the upper Mill Stone, having no more Corn. 
to work upon, would cloſe with the fixed one, and by rub- 
bing againſt it, would make Sparkles of Fire fly, which 
being ſoon multiplied to a conſiderable Quantity, would 
ſet the Mill and 'Timber Work on Fire. | 


Pi. A'P-E AX, and IE 


A Sawing Mill, delineated by M. Leander at 


the Fere, and juſtified on the Figures of M 
Belidor. 


FIG. I. The Plan of the Cave of the Mill. 

MN The Wheel driven by a Fall of Water; it has 
five Feet and a Quarter of Radius; and its Arbor ſixteen 
Inches. 

O The Cog-wheel turning on the ſame Arbor with the 
Wheel, and inſerting its Teeth on one Part, into the 
Spindles of the Trundle Head P; and, on the other, into 
thoſe of the Trundle Head R. 'The Cog-wheel has two 
Feet and a half of Radius, and thirty-two Teeth. 

P A Trundle Head, which turning makes a broad Han- 
dle, faſtened to the Iron Blade, go up and down: Which 
makes alſo the Saw go up and down. | 


in Fig. II. 
R Another Trundle Head, which turning with its 
Axle-tree or Roller 8, winds up a Rope, which brings 
towards 


Q The Handle ſcen perpendicularly ; its Bent is viſible 


] 
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towards the Saw-the Chariot on which the Piece of Wood 
to be ſawed is placed. When the Wood is arrived cloſe 
to the Saw, the Rope is no longer of Uſe; and there is, 
then, another Moderator which regulates the Motion of 
the Piece in Proportion as it is ſawed. The two Trundle 
Heads have each eight Inches of Radius, and eight Spin- 
dles of two Inches nine Lines Diameter. 

FIG. II. Profile of the Breadth of the Mill, 

M N The Wheel. 

O The Cog-wheel. | 

P The Trundle Head which drives the Saw T. 

Q Y The- Chaſe, a Blade of Iron faſtened at the 
Bottom, by means of an Oilet-hole to the Handle, and 

at the Top in Y, by a Pin to the lower Entertoiſe of the 
Saw. The Handle, which here is marked Q. 1s not 
faſtened to the Arbor, but to the Trundle Head P. The 
Trundle Head, in going up and down, forces the Handle 
to make a Semi-turn upwards, and another downwards. 
This Handle plays in the Oilet-hole of the Iron Blade, 
and makes it not only go up and down, but alſo backwards 
and forwards, as it does itſelf, 

'T The Saw. 2 

X Y The Frame which carries the Saw, and ſlides in 
going up and down into the Grooves. 

Z The Wheel which regulates the Motions of the 
Chariot; which cannot be underſtood but by the Reſiſt- 
ance of the following Figures. | 

FIG, III. A Plan of the Mill- ſeen even with the 
Ground, 

A B The Floor. 

Ff g g Two Grooves, into which enter the Shafts of 
the Chariot which carries the Piece to be ſawed, that the 
Piece ſhould not only advance with the Chariot, but alſo 
keep ſteady, without reeling, or leaning on the right or 
left; whence it happens that the Strokes of the Saw work 
always on the ſame Line. 

FIG. IV. O The Cog-wheel. 

R The Trundle Head, which makes the Rope, faſtened 
to the Chariot, ſpin on its Roller. 


The Chariot carrying the Piece of Wood to be 
ſawed. 
P The 


V . ⁊ ( a4. ea 3 eh Hd AN Ms 3 wed 


AM as 


— - —-— —ů— — 


Explanation of the PL AxSõ. 325 
P The Trundle Head which drives the Handle, and 
the Blade faſtened to the Saw. 


XY The Iron Blade eight Feet long, called the 
Chale. 

T The Saw larger t Top than at Bottom. 

cb An Iron Rod of twenty two Inches, faſtened on 
one Side with a large Pin to the upper Entertoiſe of the 
Saw, and on the other to a moving Lever, which goes 
up and down along with it. 


ac The moving Lever joined ſquare-wiſe with the 
Arm g. 

g The Arm or Piece of Wood moving on an Iron Pin 
ſix Inches above its Union with the Lever a c. 

de A Shaft or wooden Handle of eleven Feet ſix Inches, 
which carries at its Extremity a, an Tron in the Form of 
the Foot of a Hind to enter the "Teeth. 

Z The Cramp-wheel, of three Feet four Inches 
diameter, the dented Circle included, and carryin 
384 Notches, or hooked Teeth, like thoſe of a Pot- 
hanger, each four Lines broad, and two Lines and a 
halt long. 

The Axis of tis Wheel drives two ſmall Trundle 
Heads of ten Inches diameter, and the Spindle thereof, 
eight in Number, each of ſixteen Lines diameter, are 
inſerted into the Teeth, which line the undermoſt Part 
of the Shafts of the Chariot. If the Cramp-wheel ad- 
vances, the Chariot muſt advance, and the Piece of Wood 
likewiſe. If the Wheel Z ſtops, the Piece of Wood 
ſtops alſo. 

Before we explain the Motion of all theſe Pieces, we 
mult obſerve that, at preſent, inſtead of the moving 
Arm g, they employ an Axle-tree of ſix inches Radius, 
turning on two Trunnions. To that Axle-tree is faſtened 
the Lever ac; ſo that if the Lever goes up or down, the 
Axle-tree rolls likewiſe. The Handle e d is faſtened at 
the Bottom of this Axle-tree with a Hinge : If therefore 
the Axie-tree turns in aſcending with its Lever, it brings 
the Hinge 4 towards e: The Handle muſt protract itſelf 
at that Inſtant, and drive a Tooth of the Cramp-wheel 
Z. If the Arm or Axle-tree, driven back by the Fall 
of the Lever c, brings down the Hinge, the Handle d e 


makes 
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makes an Elbow with that Hinge, and grows ſhorter. 
The hind Foot e therefore muſt fall back beyond ano- 
ther Tooth of the Cramp wheel. A Clapper ſuffers the 
Wheel Z to turn one way, but catches or ſeizes the 
Notches thereof in ſuch a manner as to hinder it from 
turning another way. We may eaſily underſtand the 

Communication of the Motion and its Effect. | 
After the Rope, by ſpinning on the Axis of the Trund!e 
Head R, has brought the Chariot and piece of Wood 
as far as near the Saw, the Trundle Head P is let looſe 
to the Cog wheel, which makes the Handle and the Chaſe 
Q Y go up and down. That Blade cannot go up with- 
out making the Saw go up. The Saw, in aſcending, 
with the other Blade 6, lifts up the Lever @ e, which con- 
ſequently draws the Hinge 4 on the ſame Side, 'There- 
fore the Handle muſt protract itſelf towards e, and drive 
farther a Notch of the Cramp- wheel Z. This Cramp- 
wheel in turning with its Axis drives the Trundle Heads, 
which inſerting their Spindles into the Teeth of the 
Shafts of the Chariot carry off ſome of them, and make 
the Piece of Wood to come a little forwards. The Mo- 
tion we ſpeak of 1s that whereby the Saw aſcends: and 
as it is larger at the Top than at the Bottom, it leaves, at 
that Inftant, an empty Space between itſelf, and the 
Piece of Wood it has bit. The Wood advances without 
any Obſtacles, and receives a new Stroke in the Fall of 
the Saw, which here, works only in going down, as in 
the Hands of Sawyers in length. The Saw muſt go 
down, becauſe the Handle which has raiſed it falls at 
that Inſtant, and brings back the Chaſe, Saw, the Iron 
Rod 6, and the Lever ac. The Wheel Z is at that 
Time without Motion, and communicates none to the 
Chariot. It 1s during that Reſt of the Piece of Wood, 
that the Stroke of the Saw 1s given, and as the Saw is 
larger at.the Top than at the Bottom, it leans on the 
Length of the Wood, which is alſo an ingenious Imita- 
tion of the Sawyers of Planks, who bring back the Saw, 
not to the perpendicular, but obliquely or ſloping, be- 
cauſe the Fibres of the Wood are not eaſily cut, when 
the Cut is tranſverſal, whereas they obey when 3t is 
oblique ; and as the Arms of the Sawyers move back- 
wards 
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wards and forwards occaſionally, to give the Saw a 
proper Inciination on the Fibres of the Wood, thus the 
upper Iron Rod and the Chaſe obey the Motion of the 
Lever and Handle, ſo as to form with the Saw the 
Angles and Inflexions neceſſiry to make the Grooves 
move backwards and forwards. The fame Play begins 
again. The Shafts always drawn. along in their Grooves 
f f g 8, bythe Trundle Heads.of the Wheel Z continue 
to bring the Piece of Wood under the Saw, till a Band 
of Iron faſtened to the Extremity of the Piece of Wood, 
meets with a Trigger which draws out the Pin which 
had been applied to the Flood Gate to keep it up, and 
let the Water run. 'The Flood Gate falls, the Water 
ſtops, and all the Machine is without Motion. 

A Saw Mill will cleave in two a Joiſt of a moderate 
Thickneſs, in one Hour's Time, which two ſtrong Saw- 
yers would ſcarce be able to do in four or five. 


PLATE S XIII, and XIV. 
A Poroder-Mill delineated by M. Leander, 


Gunpowder 1s compoſed of Salt-Petre, Sulphur, and 
Charcoal. The Sulphur muit be well purified. Salt- 
Petre is a Salt extracted by different Liminations from 
ſeveral Sorts of broken Stones, Pieces of old and dr 
Plaiſter, or Rubbiſh of old Buildings, eſpecially Cellars, 
and generally all Earths which have been long in Sheep 
Folds, Stables, Pigeon Houſes, and other Places where 
are gathered, either by a regular Courſe or Tranſpiration, 
the Drainings of Dunghills, Manufactures, Urines, and 
all Salts proceeding from Animals. 'Theſe three Matters 
pulverized ſeparately are incorporated afterwards into 
one Maſs of a fixed Weight, whereof the Salt-Petre makes 
three Quarters, the Sulphur half a Quarter, and the 
Charcoal the other half Quarter. 'The wa, Mg ſerves 
to inflame the Whole. The Charcoal hinders its too 
ſudden Extinction. The Salt-Petre makes its Strength, 
by the great Dilation it receives from the Fire, and 
Hardneſs of the Parts it ſhoots. What we can diſcover 
in 
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in the terrible Action of Gun-powder is extremely con- 
fined, tho' we have learned by ſeveral Experiments to 
. make it and manage it. The Ingredients, which enter 
its Compoſition, are harmleſs, while they remain ſeparate ; 
and it could be wiſhed, for the Repoſe of Sailors, and 
thoſe who have Gun-powder in their Neighbourhood, 
that all thoſe Matters could be exported, or kept ſepa- 
rate, till a preſent Occaſion ſhould require to join them 
together. This would be an important Service to $0- 
Ciety: I aſk it of them Who want nothing elſe for the 
Formation of the World but Matter and Motion. Put 
till they be pleaſed to favour us with it, we will continue 
to make the Incorporation of the three Matters Gun- 
powder is compoſed of, in the Mortars of the Mill with 
the Aſſiſtance of the Peſtles and Sprinkling. The Mortar 
is a Piece of Wood mide to receive twenty Pounds of 
Paſte: of the Compoſition abovementioned. There are 
twenty four Mortars in each Mill; where are made, at 
once, and in one Day, four hundred and eighty Pounds 
of Gun powder, by ſprinkling each Mortar with two 
Pounds of Water, taking care to repeat the Sprinkling, 
from, time to time, leſt the Matter ſhould take Fire. 
The Paſte having been pounded during three Hours ſuc- 
ceſſively, it paſſes from one Mortar into another. The 
Mortar is pierced at Bottom, and ſtopped with a Cork 
or Piece of Wood in the Form of a Cone, to receive the 
Strokes of the Peſtles, and reſerve the Mortar. The 
Peſtle is a Piece of Wood ten Feet high, and four Inches 
and a half broad, armed at Bottom with a round Piece 
of Metal. The Peſtle weighs ſixty five Pounds, The 
Inſpection of the Pieces will make us conceive the Effect 
thereof, 

FIG. I. The Plan of the Wheel and Trundle Heads, 

A The Wheel driven by a Fall of Water. 

B The Arbor of the Wheel. 

CD Two Trundle Heads, each turning with their 
Pe Arbor. 

The Cog-wheel, driven by the Arbor of the great 
Wheel, and inſerting its Teeth between the Spindles 
of the Trundle Heads, which makes one of them turn 
one way, and the other another Way, | 


FIG, 
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FIG. II. The Profile of the Wheel and Cog-whecl. 

A The Wheel. 

B b The Arbor of the great Wheel. It places one 
Trunnion in 2, and the other in B. LEY 

C The Arbor of the Trundle Head C ſeen beyond the 
Cog-wheel. ; 

E The Cog-wheel, from before which the Trundle: 
Head D has been taken off here. 

F The Peſtles. . 

G The Tails of the Peſtles; which are two Pieces 
of Wood, pierced with as many Holes as there are Peſtles, 
to keep them even in the ſame Row, while they go up. 
and down. | 

H The Outſide of the Mortars. 

FIG. III. Ihe Plan of the whole Machine. 

A The Wheel. 

B The Arbor. 

C D The Two Trundle Heads, each with its proper- 
Arbor, called here Canting-wheel. The Axis Which. 
makes the Trundle Head turn 1s called Caating-wheel, 
being environed with twelve ſmall Pieces of Wood jutting 
out ; theſe Pieces are called Lifts, becauſe they are de-. 
ſigned to raiſe the Peſtles, they catch them by the meet- 
ing of another Piece of Wood faſtened laterally to each. 
Peſtle. "Theſe Faftenings are called Stays. 

E 'The Cog-wheel. 

G The Tails of the Peſtles. 

H The Bottom of. the Mortars. , 

If Water be given to the Wheel, the Cog-wheel muſt: 
march and drive contrary Ways the two Trundle Heads 
and their Canting-wheels. Each Lift turning with the. 
Canting-wheel, meets at its Return with the Stay of a 
Peſtle, and lets it fall into its Mortar. Theſe twelve 
Lifts are diſpoſed in ſuch a Manner that there is always 
four of them up, and four Peſtles unequally ready to fall. 
There is but one of them that fails at a time. From 
that Diſpoſition of the Peſlles depends the Equality of 
the Trituration of the Peſtle. Which ſucceeds ſtill 
better, by making it paſs through the twenty four 
Mortars at regular Tunes, 
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